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reference. The present application also claims the benefit of the earlier filing date of US 
Provisional Application Serial No. 60/298,142, filed June 15, 2001, entitled SYSTEM AND 
METHOD FOR RISK-MINIMIZATION AND MUTAL INSURANCE RELATIONS IN 
METEOROLOGY DEPEDNENT ACTIVITIES (Attorney Docket No. 208933US-8PROV), 
the entire contents of which being incorporated herein by reference. 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[002] The present invention relates to industrial and societal systems and methods 
whose performance is affected by a dependency on meteorological data, as well as a 
stochastic nature of variations in Earth's atmosphere-ocean system. More particularly, the 
present invention relates to computer-based systems, methods and computer program product 
that aid in minimizing system performance risks due to meteorological influence for all 
systems, such as renewable power production facilities, that have a final product or service 
that is influenced by meteorological variation and meteorological prediction error. 

DISCUSSION OF THE BACKGROUND 

[003] Due to an inability to control wind currents, and a prevailing disbelief that wind 
speeds can be predicted accurately over any appreciable period of time, electricity from wind 
power systems is viewed by system operators and power exchanges as being an unreliable 
source of power, when compared with fossil fuel facilities or hydro facilities, for example. It 
is most convenient for planning purposes, to expect power producers to comply with delivery 
contracts 100% of the time. The predictability of meteorological and oceanographic 



parameters varies strongly with conditions in these geophysical systems. Consequently, 
power provided from renewable power production facilities (wind turbine facilities, tidal 
facilities, solar facilities and the like) are at a disadvantage when it comes to trading power, 
since there is an inherent uncertainty regarding whether the power will actually be delivered, 
at a pre- specified time of delivery. Also, the impact of prediction errors on the meteorology 
dependent activities vary, thus further complicating the reliability of power from renewable 
sources, especially ones whose production has significant short-term stochastic variability. 
More generally, examples of activities where a risk follows from prediction uncertainties 
include the following: 

• Electrical power production from time- varying wind, solar, wave, ocean currents, and 
tidal sources that include Production optimization; Maintenance scheduling; Transmission 
load; Energy trading; Capital investment costs; and Load shedding; 

• Designation of flight routes for commercial airlines: Jet-stream position; Alternative 
routes; and Optimal flight path; 

• Airport operation and issuing of landing permits in severe weather conditions to include: 
Back-up transportation methods and resources; and Connecting flights problems - chain 
of reactions; Global courier mail services where choices of delivery method and path are 
time-critical to include: Fastest route; Alternative methods; and Guarantee of delivery; 

• Agricultural activities to include: Harvesting crops; Open-air drying of hay; and 
Fertilizing periods; and 

• Transportation at sea to include: Avoiding severe weather at sea; Going in to harbor; 
Docking tankers with oil production platforms; and Towing large structures such as 
offshore platforms and wind turbine blades. 

[004] As recognized by the present inventors, a limitation with conventional wind power 

systems is that unless there is some physical media for storing the electrical power (actually 



energy) at the local generation facility, conventional systems cannot reliably perform in either 
the balance regulation or the longer term power exchange, e.g., Nord Pool, due to variability 
of the wind power. Local storage media is expensive, as compared with other generation 
systems that are able to control the amount of fuel or energy expended to produce a 
predetermined amount of electrical power. Thus, conventional wisdom in the power industry 
is that the wind power systems will require substantially more capital to build (on a per/kW 
output basis) than other systems, in part because the wind power systems are believed to 
either require a substantial local energy storage facility, or will suffer from being an 
inherently unreliable source of electric power. 

[005] In an article by Soder L., "The Operation Value of Wind Power in the Deregulated 
Swedish Market", Royal Institute of Technology, Sweden, Nordic Wind Power Conference 
13-14, March 2000, page 5, paragraph 4.1.3, it is explained that for wind power the 
construction of the exchange makes it difficult to put bids. The bids on Nord Pool have to be 
put 12 to 36 hours in advance of real delivery. Soder reflects conventional thoughts about the 
absence of wind power as a fungible asset by stating that this 12 to 36 hour lead time makes it 
in reality nearly impossible to trade wind power bids since the forecasts normally are too bad 
for this time. The difficulty of selling wind power because of the unstable nature of the wind 
is also recognized by Lutz and Weller (pp. 508-51 1, 1999, European Wind Energy 
Conference). Thus, while wind power is generally recognized as an environmentally friendly 
type of power, it is not believed to be as commercially valuable or fungible as other types of 
electricity such as that generated by fossil fuels. 

[006] Hammons, et al. in "Renewable Energy Alternatives for Developed Countries", 
IEEE Transactions on Energy Conversion, Vol. 15, No. 4, December 2000, when analyzing 
the market for ? green T energy, states that "[t]he green pool does not aim to meet the 
instantaneous demand of its customers. Even a portfolio of green generators would be unable 



to exactly meet the instantaneous power demand of its consumers at every instant, and, as a 
result, the green pool will have to purchase top-up electricity when demand exceeds 
generation and conversely sell excess (spill) electricity when generation exceeds demand. 
Consequently, even if the number of kWh generated over a year equal the demand, there will 
still be a cost associated with trading of spill and top-up." 

[007] In order to appreciate how a Power Exchange (PX) operates, a short discussion is 
in order. Nord Pool is described in the present example, although this is just one example of 
aPX. 



[008] NORD POOL FINANCIAL MARKETS 

[009] Financial markets offer a trading place for price hedging and risk management. 
Participants in the power market can use the financial market to hedge sales and purchases for 
power. Financial electricity contracts and options are instruments for risk management and 
budgeting of future proceeds and expenses associated with power sales and power purchases. 
[0010] A financial contract period includes price hedging of a certain amount of power 
during a fixed time period. Participants who assume a purchase or sale position are 
guaranteed the agreed-upon price for purchase or sale of the equivalent amount of power on 
Elspot, which is Nord Pool's market for trade in power contracts for physical delivery. The 
contract price hedges a fixed amount of power, the same for all hours, during the contract 
period. 

[0011] There are two main categories of Eltermin contracts: Futures and Forwards. The 
contract types differ as to how settlement is carried out during the trading period, i.e. until 
their due date (settlement week). The same profit and risk profile applies, whether one trades 
in Futures Contracts or Forward Contracts. 



[0012] For Futures Contracts, the value of each Participant's contract portfolio is 
calculated daily, reflecting changes in the market price of the contracts. The daily changes in 
value are settled financially between the buyer and the seller. Through this process, a 
portfolio manager can quickly identify and realize losses as well as profits. 
[0013] For Forward Contracts, there is no cash settlement until the start of the delivery 
period. Forward settlement "accumulates" daily during the entire trading period and is 
realized in equal shares every day in the delivery period. Any unrealized profit (positive 
accumulated forward settlement) for a product series is applied to reduce the security 
requirement. A participant's daily security requirement consists of minimum security, margin 
requirement; plus any unrealized losses (negative accumulated forward settlement) minus 
unrealized profit (positive accumulated forward settlement). 

[0014] An option is a contract with an asymmetrical risk, which means that different 
conditions apply for the contracted parties. When combined, options and financial contracts 
open up for increased possibilities to distribute and manage risk associated with power trade. 
The possibility to price hedge and limit risk at the same time is improved. Eloptions can be 
used to "hedge" a power portfolio against a drop or to increase the return of a portfolio. They 
can also be used to establish a so-called "caps and floor price". Irrespectively of whether the 
value of the underlying product increases, drops, or remains constant there are profits to be 
made. 

[0015] Trade may be conducted via Nord Pool's electronic trading system or by bidding 
via telephone (to the help desk function at Nord Pool). Settlement and delivery are carved out 
as financial price-hedging settlements without any physical delivery of power. Nord Pool has 
established a system that allows Clearing Customers to trade and clear Financial Power 
Contracts through Participants who have been authorized as Trading and Clearing 
Representatives (brokers). 



[0016] Publications have been presented related to the impact of power production 
forecast errors in power systems with significant penetration of wind energy. These have 
been triggered by the aggressive plans of offshore wind energy farm installations in e.g. 
Denmark, as well as by the impact of wind energy in the power system on the island of Crete. 

[0017] NORD POOL ELOPTIONS 

[0018] Options are financial derivative products that are well suited to markets such as 
the power market, in which there is volatility and price risk - and thus a need for price 
hedging. 

[0019] Electric power options, which are traded on the Nordic Power Exchange's 
Financial Market, are used to manage risk and forecast future income and costs related to 
trading in electric power contracts. The combined use of electric power options and forward 
and futures contracts offers greater opportunities for spreading and handling risk associated 
with power trading. 

[0020] Electric power options may be used to secure a power portfolio against price 
declines or increases, or to increase a portfolio's yield. 

[0021] The electric Power options traded at Nord Pool include European-style Power 
Options (EPO) and Asian-style Power Options (APO). The power options traded at Nord 
Pool are standardized, and thus governed by pre-determined option contract specifications. A 
key difference between EPOs and APOs is that European-style-exercise power options have 
underlying instruments, whereas Asian-style-exercise power options are settled retroactively 
against the arithmetic average Elspot system price during a specified period. 
[0022] Due to market demand, electric Power options were introduced at the Nordic 
Power Exchange. These options represent an important element in the Power Exchange's 
expanding product line. The standardization that now applies to the types of options that are 



most liquid in the Nordic power market was a precondition for the introduction of these 
options. Trade in power options has been included in the Nord Pool financial market since 
the autumn of 1999. 

WIND ENERGY PRODUCTION PREDICTION BACKGROUND 
[0023] The general usefulness of meteorological and statistical forecasts of power 
production has been established. Thus, Jensen, Pelgrum, and Madsen, (pp 353-356, European 
Wind Energy Conference 1994) state that "The economic benefit will come from the situation 
with normal operation conditions where a good wind power prediction with e.g. 12-hour 
horizon will enable the operators to take into account the wind production on beforehand, 
instead of regulating the running units as a consequence of an experienced wind production". 
In isolated power production and consumption systems planning is typically over a few hours, 
while utilization of spinning reserves is planned in shorter intervals of say 15 minutes. In 
larger scale systems connected via transmission grids, planning is typically done on time- 
scales of the order of days to months and spinning reserve utilization done on one half hour to 
an hour time-horizon (Kariniotakis et. al., pp 1082- 1085, European Wind Energy Conference 
1999). By accurate wind power forecasting the additional spinning reserve due to wind power 
unpredictability can be reduced. 

[0024] The choice of prediction method depends on the time horizon of the needed 
forecast. Today generally statistical methods perform better on time horizons out to about 4 
hours whereas for longer forecast periods methods utilizing numerical meteorological 
weather forecast models are superior. 

[0025] Nielsen and Madsen, (pp 755-758 European Wind Energy Conference 1997) 
combines statistical models based on auto-regression with meteorological forecasts and states 
that the meteorological forecast data is of little value below 4 hours forecast. For 3 to 24 
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hours ahead the reduction, relative to persistence, in standard deviation in prediction error 
was increasing from 13.7% to 35.6%. 

[0026] Bossanyi E.A. (Wind Engineering, Vol. 9, No. 1, 1985) shows that Kalman 
filtering performs best for 1 -minute average wind speed where a 10% reduction in rms error 
relative to persistence was found. Site dependency of the results was noted. Beyer et.al. (pp 
349-352, European Wind Energy Conference 1994) applies Neural Network methods to 1 
minute and 10 minute forecasts. They found that a 10% improvement in prediction RMS 
error is easily obtained relative to persistence. Simple schemes were doing just as well as 
more complex schemes speaking in favor of fast and simple methods. 
[0027] Evaluations of prediction accuracy for methods based on numerical 
meteorological models clearly depend on the quality of the underlying meteorological data 
assimilation and forecasting system. Beyer, Heinemann, Mellinghoff, Monnich, and Waldl, 
(pp 1070-1073 European Wind Energy Conference 1999) shows that the RMS error is of 
order 15% for predictions based on a combination of numerical meteorological forecast 
model and geostrophic drag-law + similarity wind profile using every 6 hour forecasts out to 
48 hours prediction. No significant difference between 6 and 24 hours where found. Larger 
errors, of up to 25-30% RMS, where found for 48 hours predictions. For regional 
predictions, covering northern Germany, the RMS is below 10% up to 24 hours in advance. 
[0028] Akylas, Tombrou, Panourgias, and Lalas (pp 329-332 European Wind Energy 
Conference 1997) found 20-25% improvement relative to persistence prediction for out to 24- 
hour forecasts at three sites on Crete, with difficult terrain. 

[0029] Landberg (pp 747-749 European Wind Energy Conference 1997) shows that the 
DMI-Risoe model system (termed WPPT) predicts power output for a wind energy farm with 
an error less than 10% for ranges between 1-36 hours. Landberg (pp 1086-1089 European 
Wind Energy Conference 1999) shows that the mean absolute error of the DMI-Risoe 



prediction system is 15% of installed capacity (10% for 'good 5 sites and 20% for 'bad' sites). 
Shifting from using a geostrophic drag law to using instead the predicted speed at 10 m height 
decreases standard deviations in wind error by 20%. Given 20% improvement in wind error 
standard deviation, wind power standard deviation improvement would be even better. 
5 [0030] Watson, Landberg, and Halliday (IEE Proc. Gener. Transm. Distrib., Vol 141, No. 
4, July 1994) examined the financial gains from various levels of wind power penetration in 
the England and Wales national grid. During the simulated fiscal year 1989/90 the load 
ranged from 14 GW to 47 GW. Total installed power production capacity was of order 70 
O GW. A wind power capacity ranging from 5 to 40 GW was examined. The difference 
1!8J between a perfect forecast and a meteorological/statistical forecast in terms of fossil fuel 
CO savings may be seen as a measure of the cost associated with predictability and risk. For 10 

GW this difference was by Watson et. al. found to be of order 30 Million £, increasing to 
Jf J about 200 Million £ at 20 GW and to 700 Million £ at 30 GW, and of the order of 1230 

'i.'i 

|7 Million £ at 40 GW installed wind power. 

l|2 [0031] The 15% RMS error stated by Landberg (pp 1086-1089 European Wind Energy 
Conference 1999) corresponds to 150 MW for a 1 GW installation. The market value of a 
150 MW prediction error would, e.g. in the Nordic market, correspond to 720.000 NOK/day 
for a typical Nord Pool price level of about 200 NOK/MWh. 

[0032] Meibom and Sorensen (pp 375-378 332 European Wind Energy Conference 1999) 
20 (Sorensen and Meibom, Renewable Energy 16 (2399) 878-881), concludes that the Danish 
ENERGY 21 plan (37% wind power penetration in Denmark), with bidding on Nord Pool, 
results in a 12% average cost of incorrect bidding. The cost following from having to 
complement the amount actually delivered via the balance market. For a trading price of 200 
DKK per MWh and an installed wind energy production capacity of about 20000 GWh per 
25 year we get a total cost of incorrect bidding if all wind power is sold on Nord Pool of 480 
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million DKK a year. According to this scenario a one percent power production prediction 
improvement thus has a monetary value of about 4.8 million DKK. This may also be seen as 
a measure of the value of the risk taken by providing a possibly erroneous prediction. 
[0033] The impact of forecast errors is, as recognized by the present inventions, clearly 
larger the larger the wind power penetration is in the system. It follows that the risk also 
increases and as a result the need for insurance for the partners involved in financing, 
operating and using the power production system. Watson's et. al. analysis is based on a 
system without hydropower, together with an assumption that nuclear power cannot be turned 
off at will. As a result, the fraction of the total available wind power that has to be discarded 
increases with installed capacity of wind power. Since a hydrogenerator has a significantly 
shorter response time than a nuclear plant, it should be stated that in a hydropower-dominated 
grid this negative effect would not be present to the same extent. Watson et. al. also analyzes 
the importance of load shedding on the operations and savings. They find that savings 
increase with the allowance of loss of load events. They conclude their study by noting that 
there is a cost penalty related to wind power relative to conventional power sources for wind 
energy penetrations above roughly 15%. 

[0034] Present meteorological forecasting techniques gives, according to the above 
studies, 15-25% more fossil fuel savings than what a simple persistence forecast would allow. 
In addition to the fossil fuel savings, optimal operation of wind energy production also lead to 
a decreased need of spinning reserve and consequently lower capital investment costs for 
such systems. Shedding wind turbines due to grid balance requirements is clearly a waste of 
both fuel resources and the capital cost associated with the turbines. As explained in co- 
pending US application serial no. 09/749,999, an efficiently operated market where wind 
energy is of premier quality and grid balancing can be achieved by saving potential energy in 
hydro power systems is clearly attractive. 
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[0035] Energy management systems with load and production monitoring, prediction and 
scheduling, such as e.g. CARE developed within the EU Joule III project, are available. 
However, they do not include financial risk management features, nor any guidance to market 
actors on whether to supplement predicted production in order to meet contractual 
obligations. 

[0036] THE NEED FOR REDUCING RISK IN ENERGY SYSTEMS VIA RISK 
MANAGEMENT (RM) 

[0037] As previously described, risk stems from several sources in the energy system. 
Regarding wind power, wind predictability is the largest source of risk. Reducing risk is of 
interest to several participants, producers, consumers, system operator (TSO) and suppliers of 
information to the system. To understand the present invention, a basic review of financial 
risk management is in order. Examples of risk management perspectives found in "The J.P. 
Morgan/ Arthur Andersen Guide to Corporate Risk Management", 1997, Risk Publications 
chapter 2, pp7-12.include: 

• RM from the investor perspective - Investors seek a risk-adjusted return on capital 
invested. High risks require a higher return on investments. Reduced risk enables 
investors to require less return on the same level of investment. Lower risk attracts more 
investors, therefore a lowered risk through RM is positive for the value of the company. 

• Cost of financial distress - Cost of financial distress means the risk of a loss leading to a 
possible bankruptcy. RM is used to minimize the risk of that loss. 

• Debt capacity and the cost of debt - RM can ensure that debt can be repaid and interest 
rates can be paid, despite volatile prices of goods purchased or sold. 
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• Investment capacity and the availability of internal capital - Through RM it is possible to 
finance future investments internally, since operations with lower risk requires less 
working capital. 

• Return on risk capital - RM enables companies to use less capital for future periods with 
uncertain levels of the cash flow. Risk capital is in many cases more expensive than using 
a RM hedging strategy. 

[0038] In identifying risks, there are three major sources of risk in a company: 

• Transaction exposure which reflects the effects of a price change in quantities bought or 
sold. Could be the effect of a change in exchange rate or electricity price on future cash 
flow; 

• Economic exposure which reflects future losses due to a relative change in the company's 
competitiveness compared to similar goods. Could be the change in competitiveness if a 
currency appreciates or if new investments are more efficient than the company's; 

• Translation exposure which reflects if a company holds assets in a foreign country and a 
change in exchange rate decreases the local value of the assets. 

[0039] Valuation of risk describes how market movements have affected the value of an 
asset or a contract (i.e., The Portfolio), Comparing the market price of the asset or contract to 
the purchase or sales price does this. The result is the current profit or loss of the asset or 
contract if sold today. 

[0040] Measuring risk is a process of assessing risk in which one tries to look forward to 
how market movements could affect the values of an asset or a contract in the future. The 
methods involve trying to estimate the sensitivity in market value of a portfolio to changes in 
market prices. Often a probability of the result is used. Several methods are used to measure 
risk: 
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• Sensitivity analysis - the purpose is determine the Portfolio's change in value due to a $ or 
% change in price of the Portfolio's content. The $ or % change is determined through 
historical price movements; and 

• Value at Risk (Risk Metrics) - Value at Risk (VaR) describes the maximum expected loss, 
with a specified confidence interval, of the Portfolio's value resulting from an adverse 
price movement that could occur in normal markets over a defined unwind period. 

[0041] A common version under statistical assumptions is VaR= Market value of position 
x Position volatility x SQRT (unwind period, the period it takes to close the exposure). VaR 
takes into correlation the degree to which different market prices move in tandem or not. The 
following formula takes account of correlation's when measuring combined effects of two 
risks: 

[0042] VaR = ^V aR ^f ^^ R ( 2 f + 2(p 12 VaRQ)VaR(2))] 

[0043] VaR can also be estimated with a simulation methodology (e.g., Monte Carlo 
simulation) where probability density functions of future prices are used. One starts with a 
portfolio including one or several contracts or assets. The possible observations of each 
portfolio item's price are described by a probability density function (pdf) where correlations 
are also included. An observation is drawn and the market value of the portfolio is calculated. 
Multiple observations are drawn and the possible outcome of the portfolio's value can be 
described by a pdf. 1000 to several 100000 price observations can be used. 
[0044] Risk willingness is also another factor in risk management. Better data improves 
risk willingness. When choosing between risk and potential, maximum payoff should be 
targeted under desired risk level. In figure 15, different points on the efficient front are 
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plotted. It shows the expected payoff increasing and risk decreasing when moving from point 
1 to point 2, possibly through a risk management decision. Moving from point 2 to point 3 
gives higher profit at the same risk level, for any one a desirable movement, also through a 
risk management decision. To move from point 3 to 4, there is an equal change in payoff and 
risk, which is desirable for anyone but the risk averse. The risk lover would also appreciate 
the move from point 4 to 5, because of the increasing payoff, even though there is an even 
more increasing risk. 

SUMMARY OF THE INVENTION 

[0045] The risks, financial as well as operational, associated with activities like the ones 
above, give rise to an interest in performing risk assessment so as to ensure that the 
underlying business (whether in renewable power generation, or not) remains sound despite 
the variability of operational conditions. Involved parties also need appropriate mechanisms 
and methods to insure themselves against costs related to unexpected meteorological 
scenarios. Risk assessment becomes a central part in a portfolio established to handle risks 
associated with prediction uncertainties of the state of the atmosphere and ocean. One feature 
of this invention is a system for mutually insuring/assuring partners in a business activity 
dependent on meteorological information. 

[0046] A specific feature of the invention is a system for risk handling and assuring 
partners in a power production system that the contracted power will in fact be delivered on 
schedule and in the appropriate quantity despite the fact that the output from the renewable 
power production facility is subject to meteorologically-induced variations, and 
meteorological forecast's have an inherent range of error. Because the present invention 
addresses the risks of failing to reliably deliver power as scheduled or predicted at 
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predetermined production levels, renewable power production facilities may find much more 
significant penetration in the power generation and delivery market. 

[0047] A feature of this invention is that it includes a system for trading electrical power 
produced from renewable energy power production facilities as premier power with an 
enhanced commercial value due to the power from the renewable facility being as fungible as 
other sources of power produced by fossil fuel power plants, hydroelectric plants, nuclear 
plants and the like. By minimizing financial and contractual risk in producing and marketing 
power from renewable power generation systems, the invention complements the inventive 
system and method of U.S. Patent Application Serial. No. 09/749,999, cited above, which 
includes at least the following features: 

• mechanisms, including sensor arrays, for forecasting an electric power output 
from at least one renewable energy power production facility for delivery at a 
predetermined future; 

• mechanisms for enabling a bidding exchange process to be used for selling 
"premier" power at a predetermined future time; 

• mechanisms for selling units of premier power for delivery at the predetermined 
future time; 

• mechanisms to assure transmission on the power grid, in case of limited 
transmission capacity, e.g., due available capacity, including restrictions due to 
faulty lines etc. in the power grid; and 

• mechanisms for managing investment portfolio of premier power units. 
[0048] The present invention adds at least the following additional elements: 

• mechanisms and processes for estimating an uncertainty as input to a portfolio to 
handle the risk, by an insurance-like pool; 
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• mechanisms and methods for managing a risk portfolio associated with the 
system; and 

• computer and computer program products for handling of trade with 
meteorological predictions. 



[0049] As a consequence of having recognized the need to add statistical certainty to 
stochastic-dependent commodities, the present inventors have determined that the business 
impact of improved wind power production prediction capability will be a driver for at least 
the following developments: 

• development of meteorological forecasting techniques, 

• development of sensor systems aimed at short time-scale monitoring, 

• new investor relations in meteorological forecasting systems, 

• new investor relations in power production systems, 

• establishment of portfolios of power production predictions, 

• establishment of portfolios of power production buy and sell options, 

• establishment of portfolios of power transmission options, 

• development of software and communications systems for ganged operation of 
power production units, 

• increased penetration of renewable energy in power production systems, and 

• establishment of new stakeholder relations in renewable energy production. 
[0050] U.S. patent application Serial No. 09/749,999 deals with matters that are 
associated to various stakeholders in businesses surrounding power production, like electrical 
power producers, electrical power grid companies, meteorological institutes, electrical power 
equipment manufacturers, energy exchange operators, and the like. There is, however, a non- 
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negligible risk associated with the steps of translating meteorological forecasting to actual 
fluctuations in electrical power produced from renewable power plant facilities and applied to 
the (trans)national power grids. The invention of virtual energy storage and the xM and its 
prime mover option, discussed in U.S. Patent application Serial No. 09/749,999 takes 
significant steps to reducing this risk. The present invention further suppresses the risk. It 
does so by providing a system and method for providing a risk assessment of the 
consequences associated with utilization of weather forecasts and statistical methods in U.S. 
Patent application Ser. No. 09/749,999 for predicting power outputs from renewable power 
plant facilities. The consequences of an unsuccessful forecast in such systems however, is 
further addressed by the present invention, which enables new business solutions and new 
vistas. 

[0051] Conventional systems like CARE and EU Joule III focus on operating problems of 
power production, transmission and consumption systems; the present invention deals instead 
with the financial aspects and the energy exchange and profitability of power production 
prediction systems. Specifically systems with a significant penetration of wind power 
production. 

[0052] The present invention employs a computer-based system, method and computer 
program product for receiving both forecast data and combining that data with power 
production capacities of various renewable power generation sources. In a preferred 
embodiment the renewable facility is a wind turbine power production facility, although the 
invention is applicable for other types of renewable power sources, as well as other types of 
systems and methods (like those discussed above) that must deal with imperfect 
meteorological forecasts. The system and method according to the present invention includes 
a mechanism for combining the forecast data, as well as statistical indications regarding a 
range of variability to be expected from the forecast, and combining the same with the 
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expected power output capacities of the renewable facility. This variability then may be used 
to estimate a range of variability, which may be expressed in a probability density function, 
pdf, to assess a likelihood that a specific quantity of power will be delivered at a given time in 
the future. As a general matter, the more forward looking the forecast, the greater the 
variance in the prediction, thus the greater the spread of the pdf. Thus, it follows that 
estimates may be made with various confidence levels, regarding the likelihood of being able 
to deliver a predetermined amount of power at a predetermined future time. This data may 
either be marketed to various market actors (often investors) in the power generation and 
delivery business, but also may be provided as an investment instrument having its own 
market value. 

[0053] When combined with the virtual energy storage (VES) option as discussed in U.S. 
Patent Application Serial No. 09/749,999, risks associated with not delivering predetermined 
amounts of power, as contractually obligated, may be offset by relying on the VES to deliver 
any shortfalls and power that cannot be provided by the renewable facility. Thus, by 
quantifying the risk of shortfall or surplus at different times before the actual deliver, enables 
market participants to develop informed-strategies for purchasing options for back-up power, 
or selling excess power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, wherein: 
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[0055] Figure 1 is an activity diagram, showing respected interactions between different 
entities involved in producing, trading, distributing and consuming power produced from 
various power production facilities; 

[0056] Figure 2 is a block diagram of a system that may be employed according to the 
present invention, that includes a risk minimization and insurance mechanism according to 
the present invention; 

[0057] Figure 3 is a block diagram showing features of the risk minimization and 
insurance mechanism of Figure 2; 

[0058] Figure 4 is a flow chart describing a process flow according to the present 

invention, for providing forecasts and reports, including monetary values associated with 

power production affected by the forecasts, to a requesting party; 

[0059] Figure 5 is a flow chart of a process flow according to the present invention 

regarding activities leading from an energy production forecast and trading of the energy, as 

well as possible back-up delivery options according to the present invention; 

[0060] Figure 6 is a flow chart of a process according to the present invention that 

describes a chain of activities leading from a power production forecast including an 

assessment of how possible forecasting errors may effect actions by grid operators in order to 

maintain an appropriate grid balance; 

[0061] Figure 7 is a flow chart according to the present invention, and describes a process 
flow for associating forecasting risks with monetary values of quantities of energy produced 
at predetermined future periods of time and a logic flow for adjusting an action in the event 
that respective price or production levels are above or below certain predetermined 
thresholds; 

[0062] Figure 8 is a probability density function diagram, showing how certain power 
outputs from renewable facilities, as forecast according to meteorological data, known to 
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include errors, and how different probability levels within the probability density function, 
may be used as triggering mechanisms for triggering certain actions taken by actors in the 
power market; 

[0063] Figure 9 is an exemplary power curve of wind turbine output (kW) versus 
windspeed (m/s) for a wind turbine facility 

[0064] Figure 10 is a process flow diagram showing how a power prediction may be 
performed according to the present invention; 

[0065] Figure 1 1 is a graph showing how energy production and associated deviations 
may be employed to support virtual energy storage options, and how pricing of these options 
may be affected; 

[0066] Figure 12 is a chart showing how an actor may choose to trade a volume that is in 
a range from below to above the sum of available renewable production; 
[0067] Figure 13 is a chart showing how an actual power production/consumption level 
may deviate from what has been settled at the power exchange; 

[0068] Figure 14 is a chart showing how historical information regarding meteorological 

conditions, trading blocks (including delivery records) and transmission capacities may be 

fused in a data mining operation for supporting various end-uses; 

[0069] Figure 1 5 is a plot of risk willingness relating risk to potential payoff; 

[0070] Figure 16 is a chart showing factors used in calculating wind farm risks in options 

trading and virtual energy storage operations; 

[0071] Figure 17 is a chart showing factors used in calculating hydro risks in options 
trading and virtual energy storage operations; 

[0072] Figure 18 is a chart showing operations of a power exchange options market; 
[0073] Figure 19 is a chart showing operations of a power exchange bilateral options 
market; 
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[0074] Figure 20 is a chart showing a wind farm perspective in a power exchange options 
market operations; 

[0075] Figure 21 is a chart showing a wind farm perspective in a power exchange 
bilateral options market operations; 

[0076] Figure 22 is a chart showing a hydro perspective in a power exchange options 
market operations; and 

[0077] Figure 23 is a chart showing a hydro perspective in a power exchange bilateral 
options market operations. 

DETAILED DESCRIPTION OF THE INVENTION 

[0078] Referring now to the drawings, wherein like reference numerals refer to 
corresponding structures in the several views, Figure 1 is a diagram that shows activities of 
different actors in power production, power transmission and consumption. Actors involved 
in the power production - transmission - consumption system include investors in facilities, 
investors in the energy exchange, facility operators, grid operators, power production 
prediction actors, load prediction actors, coordination consumers, and manufacturers of 
facilities. Viewing the deregulated energy market as a network of activities, the activities 
needed on the market may be seen in Figure 1 . Figure 1 emphasizes the mutual dependency 
between all actors. These dependencies are valuable for a prosperous trade of fluctuating 
renewable power production. The activities are linked by contracts (or more generally 
agreements) regulating selling and buying power, building production units, trades of 
financial instruments, etc. A key issue as presently recognized to a successful market for 
wind power, or other renewable power source, is production forecasts. Another key issue to a 
successful market is communication between actors. The present inventors recognized that 
the contractual and financial instruments themselves, when based on reliable information 
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about present and future power production capabilities, is one component of effective 
communication between actors. Moreover, the contractual and financial instruments 
themselves are an instantiation of agreements (sometimes purely financial and other times a 
hybrid of financial and delivery) between parties, where such agreements, when plentiful 
enough (according to the law of large numbers) have a stabilizing effect on the power 
production market (for example). 

[0079] Since the financial risk of an erroneous power production prediction is large, the 
incentive for the market actors to trade with a fluctuating renewable power production 
depends on the accuracy of the predictions of the production. The uncertainty of the 
prediction emerges as a key parameter influencing the market price of future power 
production. The uncertainty also influences the monetary value of options to buy, sell and to 
trade with this production. The present invention helps to assuage concerns by actors in the 
renewable market by creating an insurance- like situation for the actors. The market actors are 
linked to one another in a loop of activities such as prediction/production/backup/storage/ 
deliver/consume/trade/prediction wherein each investor is insured by commitments signed by 
the actors. The risk handling is taken care of jointly by this insurance-like pool of actors. 
Actors involved in the market trade financial instruments such as production predictions, 
back-up power delivery contracts, and transmission rights. The mismatch between the risk 
distribution and the capability to bear risks in the above-mentioned group of stakeholders is 
balanced. A win- win-relation is formed for all stakeholders by establishing system, 
mechanism, methods, business rights and proprietary rights, as well as computer program 
products according to the present invention. 

[0080] With the significant impact of power prediction errors on markets with high wind 
power penetration, the role of the meteorological parties inherently contains risk. The 
incentive for meteorological parties to engage in a power prediction (or other meteorological 
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prediction dependent activity) increases if the chain of activities and business links are 
formulated such that the financial risk connected to prediction errors is reduced, as is the case 
with the present invention. In the present invention, power production predictions may be 
marketed as an asset with a monetary value. Similar market approaches may take place in 
other chains of activities in other businesses areas, such as other renewable energy production 
sales, e.g. photovoltaic-based energy production and wave energy-based production. The 
prediction themselves form a portfolio that is traded on the market with the monetary values 
set by the prediction quality, the bid process, the situation, the demand, and the availability of 
production, as well as by the impact of lost power production. 

[0081] The market place for the power production predictions may be closely linked to 
the energy market place and the predictions traded by similar methods. Various forecast 
periods would naturally have different market values. A fruitful business between owners of 
hydro plants and wind energy producers may for example be formed wherein power 
production prediction is combined with hydro plant storage capacity and wind farm peak 
power capability. The present invention allows these power producers to join forces and 
market wind power in a new approach something that the industry recognized is lacking, as 
explained in Lutz and Welter (pp 508-51 1, 1999 European Wind Energy Conference). The 
present invention allows trading of power products in a liberalized energy market. The 
invention further describes a scheme for mutual risk handling for the parties involved. 
[0082] The predictability of a meteorological variable depends strongly on type of 
variable and time frame (i.e. forecast length). Together with the variable and time frame issue 
follows a need for an analysis of the impact of a given prediction error. Variables that are of 
particular interest to renewable power production facilities are: wind speed (magnitude and 
vertical variation, gusts), wind direction (vertical variation), cloudiness (cloud cover, type of 
cloud, cloud layer depth, height of layer, radiation absorption and emission), rain, hail or 



24 



snowfall (rate, particle size, coverage), lightning strokes, (frequency, probability of hit, 
strength). 

[0083] Conventional weather dependent operations have been supported by 
meteorological predictions (US patents 5,521,813, and 5,461,699) as has traditional power 
load predictions based on degree-days (US patent no. 6,105,000). A system for valuating 
weather-based financial instruments was described in WO patent 0021015. A tool for 
forecasting spot price of electric power including information from weather forecasts was 
described in US patent no. 5,974,403. A system for weather adapted, business performance 
forecasting was described in WO patent 9726613. A neural network forecasting system was 
described in US patent no. 5,461,699. (US05 140523, JP06347563, JP06276681). A system 
for weather based planning of future activities was described in WO patent 068854A2. 
JP07043001, JP04365101, JP56094149, JP56094148, US006098893, US046326931 are other 
patents somehow related to weather. A method for rating of geographical areas with respect 
to meteorological conditions was described in US patent no. 5,839,1 13. In these conventional 
applications, meteorology has played a part of providing predictions and analysis of 
geophysical data. Users of the information provided are at risk and in need of judging the 
reliability of the data. The meteorological partner in these doings have not been able to 
guarantee the predictions since the stochastic nature due to the strong non-linearity of the 
geophysical systems inevitably leads to a certain probability of error in predictions. The 
present invention allows the meteorological partner to take a larger share of the business. 
[0084] Turning to the discussion of Figure 2, Figure 2 is much like Figure 5 in US patent 
application Serial No. 09/749,999 A difference however is the inclusion of a risk 
minimization and insurance mechanism 555, which will be discussed in detail following a 
detailed description of the other elements of Figure 2. 
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[0085] A renewable energy control center processor 500 is shown, and includes 
input/output (I/O) interfaces that connect to communication facilities at a renewable power 
exchange 507, the power exchange 509 (such as Nord Pool), alternative renewable energy 
sources such as a hydroelectric plant 511, meteorological data source information as well as 
service information 513, thermoelectric plants 515 (or other type of electrical generation 
power plants), third party wind farms 5 1 7 as well as a wind farm (which may be a single wind 
turbine) 503, which includes premier power facilities 505, shown in a form of a co-active 
converter embodiment. Each of these other facilities include communication and control 
equipment that allow for exchange of information with other parties, and enable control of the 
respective facilities based on the information exchanged. While the terminology "wind farm" 
is used herein as an illustrative term, it should be clear that the invention applies to all types 
of activity that has a production or service that is affected by short-term stochastic variations. 
Thus, the term "wind farm" as used herein, should be construed as a generic term for 
renewable power production facility that has a short-term stochastic production property. 
[0086] The control center processor 500 may also be included in the premier power 
facilities 505, in an alternative embodiment. Or, alternatively, the processor can be a part of a 
power exchange's trading and software system. The control center processor 500 cooperates 
with the premier power facilities 505 and hydroelectric plant 51 1 (or alternatively 
thermoelectric plant 515 and/or third party wind farm 517) so as to make the electrical output 
from wind farm 503 a reliable source of electric power. The premier power facilities 505, in 
cooperation with the process 500 includes a capability to ensure that the form of electric 
power (stability of output waveform, ability to produce or sink reactive power, and provide 
short circuit power), when coupled with a "virtual energy storage" (VES) facility 
(hydroelectric plant 51 1 in this embodiment, although other plants may be used as discussed 
herein also as virtual energy storage sources as well, which uses others sources of energy 



26 



reserves to produce electric power, such as heat storage systems, e.g. district heating systems 
or boiler feedwater systems) is producible in fungible energy units. More particularly, while 
the premier power facilities 505 places the output waveform from the wind farm 503 in a 
suitable form for connection to the power grid, it also includes an adequate short circuit 
current capability which is used when there is a fault in the grid and significant amount of 
current is required to trip circuit breakers in this fault mode of operation. The premier power 
facilities 505 also had an ability to provide reactive power to the grid at a position that is near 
the wind farm 503. The short circuit current capability and reactive power sinking capability 
being ensured by the premier power facilities 505, which contains a coactive converter. As 
recognized by the present inventors, the longer-term output power from the wind farm 503 
may be made sufficiently predictable and reliable, in a business setting, such that units of the 
electrical power produced by the wind farm may be "guaranteed" by contractual relationships 
or other agreements with hydroelectric plant 51 1, in this example. These agreements are 
helpful in the event of a wind lull for the wind farm 503, where a control message is 
dispatched to the hydroelectric plant 51 1 to provide a compensating amount of electric power 
to offset the short fall from the wind farm. Using the cooperative arrangement the energy 
output obligation from the wind farm is achieved by asking the hydroelectric plant 51 1 to 
output sufficient power to compensate for the temporary short fall from the wind farm. 
[0087] While the above discussion illustrates the case where the wind farm requires 
supplemental power to be produced at the virtual energy storage facility, the reciprocal 
relationship is equally important. When the wind farm produces more power than planned, 
the surplus power may be saved in the form of virtual energy at the virtual energy storage 
facility. Once stored, the stored energy is completely fungible and may be withdrawn upon 
request, or possibly even sold to a third party, for use under the control of that third party. 
Moreover, by having preserved a predetermined amount of energy in the virtual energy 
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storage facility, the stored energy is available as a resource to be converted to electric power 
at the demand of the wind farm operator, or simply preserved for a longer period of time or 
sold to a third party. In this way, the virtual energy storage facility offers the equivalent of a 
bank account, where the "currency" is chemical or potential or kinetic (rotational) energy. 
[0088] As examples of business activities dependent on the present invention's 
meteorological information, one can move an energy asset in a power portfolio physically 
from a distant set of virtual energy storage, VES (likely based on a hydro power plant, 
potential energy), to another set of VES inside, or close to, those regional power grids where 
transmission limitations often appear. Such a move is normally done outside the power 
exchange. These activities can be done more or less for so-called power scheduling and/or 
for using them as distributed spinning reserve units (kinetic energy). The system and method 
for risk-minimization and mutual insurance relations as described herein are thereby 
combined with the VES systems and methods as described in U.S. Patent Application Serial 
No. 09/749,999, and other U.S. Patent Application cited above. The latter set of VES above 
might, for physical reasons, be more likely embodied as electro-chemical accumulators 
(batteries, chemical energy), as compressed air energy storage (CAES, potential energy), as 
flywheel (kinetic energy), as hydrogen storage units (chemical energy, e.g., with hydrolysis 
and fuel cells), heat storage systems such as district heating systems or boiler feedwater 
systems, or the like, when there is a lack of (non-pumped) hydro power plants (potential 
energy) in the region. These arrangements and procedures reduce the risk associated with all 
financial instruments, contractual obligations, etc. on their physical delivery as units of 
electrical energy to a specified regional grid area from distant, fungible renewable power 
plant facilities. Thus, this generally simplifies system operation of the (trans-)national power 
grids, e.g., incorporating electrical power business activities dependent on meteorological 
information like the prediction methods and mechanisms described herein. 
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[0089] As will be appreciated throughout this discussion, by having recognized that the 
availability of rapid and real time communication between the control center processor and 
the hydroelectric plant 511, the water reserve held at the hydroelectric plant, may be used as a 
virtual energy storage facility for the wind farm 503. More particularly, in the event of over 
capacity production by the wind farm 503, the premier power facilities 505 communicates 
this condition to the control center processor 500, which sends a message to the hydroelectric 
plant 511, requesting that the hydroelectric plant 511 produce a corresponding lesser amount 
of electric power during this period of overproduction. The total output power from both the 
wind farm 503 and the hydroelectric plant 5 1 1 is thus held to be consistent with the aggregate 
delivery requirement for both the hydroelectric plant 511 and wind farm 503. Moreover, at 
any given time, the wind farm 503 and the hydroelectric plant have certain contractual 
obligations to produce predetermined amounts of power. This predetermined amount of 
power in the aggregate will equal a certain level of power. However, recognizing that for 
maximizing power output, the wind farm 503 does not have precise control over the amount 
of power it produces at any given instant in time, by communicating from the wind farm 503 
to the hydroelectric plant the amount of overproduction, the hydroelectric plant 511 can 
adjust its output level so as to compensate for the surplus. Likewise, for a shortfall, the wind 
farm 503 may communicate to the hydroelectric plant the amount of extra power that the 
hydroelectric plant will need to generate in order to compensate for the shortfall by the wind 
farm 503. The hydroelectric plant 511 will thus be able to save a predetermined amount of its 
water reserve for use or sale (or transferred or traded) at a later time. This amount of water 
(or electrical equivalent) is in a bilateral options market held on account for the wind farm 
503 for use at a later time, and in the case of a PX options market it will be available for later 
trading (e.g., in a bilateral options market or a PX options markets, to be described below). 
Shown as the "Grid" in Figure 2, any adjustment made in output power from the wind farm 
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503 and the hydroelectric plant 51 1 is communicated to a system operator so that the system 
operator may also dispatch commands regarding adjustments that may need to be made to 
reactive power control at the different facilities so as to balance the reactive power loads 
placed on the grid. If there is a large electric distance between the wind power mills and the 
virtual energy storage facility, these facilities are able to provide voltage support at least at 
two sites, independent of one another. In the preferred embodiment, the wind power park is 
able to provide the voltage support via the xM (contained in the Power Facilities and 
described in more detail in U.S. Application Serial No. 09/900,874 cited above) at the wind 
power park site, and at the hydroelectric plant voltage support is provided by synchronous 
generators, independent of whether the wind power turbines actually produced active power 
at the time of delivery. Thus, the present embodiment is able to provide adequate voltage 
control, which is able to be kept to within a predetermined voltage limit at the point of 
common connection. 

[0090] The connection between the premier power facilities 505, the renewable energy 
control center processor 500 and the hydroelectric plant 511 (as well as the other 
communication links shown in Figure 2) may be made by way of an Internet connection, 
which may use a combination of land-lines, submarine cables, or wireless links such as point 
to point radio frequency links (e.g., microwave, satellite, MMDS or the like), or a 
combination thereof. Proprietary or leased wired or wireless links may be used as a substitute 
or to complement the Internet connection or a connection built on the same transmission 
towers or in the same cable trenches (channels) as used by the power grid to connect the 
participating production units in the grid. The latter connection is preferably a fiber optic 
connection, such as a part of a communications segment of the grid itself, and/or a broadband 
network, which could be a part of a national fiber optics communication infrastructure, and be 
leased (at least in parts) to a third party. In this case, the communications link between the 
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renewable energy control center processor 500 and the hydroelectric plant 511 includes at 
least a portion of an Internet connection (the detailed features of which are found in the 
textbook by Preston Gralla, "How The Internet Works", Que Corporation, ISBN: 0-7897- 
2132-5, August 1999, the entire contents of which being incorporated herein by reference). 
The control center processor 500 includes a URL that is available for access by the respective 
wind farm operators and other electric power plant operators so that a Web based graphical 
interface (e.g., Web browser, such as "EXPLORER" offered by MICROSOFT, and as 
described in "How Computers Work", by Ron White, Que Corporation, ISBN: 0-7897-2112- 
0, pps.360-365, Sept. 1999, the entire contents of this book, which is relevant to the hardware 
and software employed in the processor 500 as well as the risk minimization and insurance 
mechanism 555, is incorporated herein by reference) is presented to the operators of the 
different plants. The communication link is a secure link, provided with encryption such as 
by way of a virtual private network (VPN). Alternatively, instead of a World Wide Web 
interface using the Internet, digital communication links including proprietary links may also 
be used for interfacing the control processors at the hydroelectric plant 511 and the premier 
power facilities 505 by way of the control center processor 500 for example. The operations 
interface can thus monitor and control a VES options contractual operation of the wind farm 
503 and the hydroelectric plant 511 for example. Thus, a change in power production (e.g., 
above or below planned amounts) at the wind farm 503, is immediately (preferably within a 
second, although in some cases with a lag time of a 10 seconds, or in some rare cases a 
minute or more) compensated for at the hydroelectric plant 511. A principal factor in 
determining the actual delay time is the response time of the hydroelectric plant 511 to a 
command from the wind farm 503 requesting that the gates at the hydroelectric plant 51 1 be 
opened or closed by some predetermined amount. When the response time of the 
hydroelectric plant 51 1 is routinely more than a few seconds, the processor 500 may use the 
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data from the meteorological data source/service to predict the amount of surplus/shortfall 
that will need to be addressed at some predetermined period of time in the future (e.g., 10 
seconds or more). In this way, the wind farm 503 (or alternatively the hydroelectric plant 511 
itself) may dispatch an "anticipatory" control command to the hydroelectric plant 511, 
causing the hydroelectric plant 51 1 to begin to make the necessary adjustments for 
increasing/decreasing the power production based on the forecasted surplus/shortfall in power 
production from the wind farm 503 as a result of predicted wind speed increase or decrease. 



[0091] RISK MANAGEMENT AND TRADING PROCESSES FOR OPTION 
MARKETS 

[0092] In concert with previously described embodiments, this invention includes new 
processes for managing risk relating to renewable power generation. This includes Wind 
farms ("WF") and Hydro producers ("Hydro"), as well as the corresponding trading and 
balancing task of the power exchange (PX). 

[0093] A PX market is a market with preferably standardized products for trading, but 
also more tailor-made products when the need arises. Sellers and buyers meet anonymously 
(e.g., via a computer-based bid/sell system) or in the open to bid-on and sell product, such as 
units of power (e.g., a unit of power produced from a renewable energy source). A bilateral 
market is a market where buyers and sellers meet in the open (i.e., where identities are 
known, or could be known) through any media, telephone, internet, or other communications 
tools. A bilateral market, in which a product may be a power delivery contract between two 
parties, can support trading where the participants agree over a PX interface. 
[0094] Risk management procedures, according to the present invention, for WF and 
Hydro can be handled in at least two different ways, but still fulfill the same needs and 
comply with the ability to make "green" energy an equally fungible source of power as that 
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generated by other power production facilities. The production uncertainty from the WFs 
could either be handled through a standardized options market, or it could be handled through 
a system of bilateral options contracts between pinpointed WFs and Hydros. 
[0095] A general PX options market embodiment contains more standardized risk 
management tools and leave more of the responsibility for handling the production 
uncertainty risks with the WFs. On the other hand, liquidity and turnover on that kind of 
market is better, and the costs for management of uncertainty would probably be lower. 
[0096] A general bilateral option market embodiment contains more or less customized 
production uncertainty solutions. In this kind of market, the specific WFs leave all or most 
part of their risks to a specific Hydro or group of Hydros. This kind of market has insurance- 
like features, and the lack of standardization will thus lessen market liquidity. 
[0097] The two general embodiments are described below: 

[0098] In the general PX options market embodiment (Fig. 18), the WFs have the full 
responsibility of ensuring that the variation in power production is compensated for by power 
produced from a Hydro. Variation in the WFs' production may be covered by buying both 
call and put options on power for every specific hour. The options are standardized, which 
enables a high liquidity in the options market, and thus lowers the cost of risk management 
for WFs. 

[0099] Put and call options are issued by the Hydros for one specific time period, and the 
strike price is preferably the spot price (or could be another price) on the PX for that actual 
hour. The put option gives the WF the right to sell additional production that exceeds the 
amount bid into the spot market, and the call option gives the WF the right to buy power in 
order to meet its obligations in the spot market. The options cover maximally one 
predetermined energy unit, which makes it easy for the parties to assign a price based on the 
perceived value of the energy unit. 



33 



[00100] Since the options cover a predetermined amount of energy, it is up to the WF to 
calculate and buy enough quantities of options to cover the uncertainty in power production. 
The WF operators may opt to forego the expense of buying the option, if the WFs are 
equipped with a premier power facility that has the ability to produce its own power from 
another energy source (such as compressed gas, heat storage systems such as district heating 
systems or boiler feedwater systems, and/or fossil fuel, which may be used in a coactive 
converter if necessary). Consequently, the respective WF operators can decide upon a 
confidence level for the ability to comply with the production bids placed at the spot market. 
For the Hydros, it is easy to value and price the obligation of the option, since the options 
have a maximum energy amount coverage. 

[00101] Specifically, the PX options market continuously receives buy and sell bids and 
offers for call and put options (as shown in step 1801 of Figure 18). The market also ranks 
best buyers and sellers against various criteria (e.g., quantity of power units needed, location 
where power is needed, reliability of delivery, reactive power needs, coordination 
mechanisms, etc.). When bids and offers match (1803), a deal is closed, and both parties are 
provided with a notification via an update on the web page, or other computer-based message 
for computer-based bid/sell trading. Upon closing the deal, transaction confirmations are sent 
to buyers and sellers (1805) and option premiums are settled against accounts. Electronic 
accounts are preferable, although conventional paper-based notifications and updates are 
possible as well. A determination is made whether the option hour has started or not. If yes, 
a send-up or send-down regulation order is sent to sellers of options from holders of options 
(1807). If no, participants continue to monitor the market (1801). This leads to settlement of 
spot sales for the given time period (1809). Data about the market is calculated hourly. 
[00102] In the general bilateral options market embodiment (Fig. 19), a WF buys just one 
option from a Hydro. The option gives the buyer the right to buy or sell enough power to 
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meet the obligations for a specific WF or set of WFs. The option is thus customized to fulfill 
the needs of a specific WF or set of WFs. This implies that valuing and pricing of the option 
has to be done with different sets of data. 

[00103] The general bilateral options market embodiment has insurance-like features in 
some cases, since it guarantees the holder of it to meet its obligations, and thus covers all the 
risk. The fact that one option covers the volume risk for a WF, means that it will be priced 
according to the uncertainty in wind power production for the time period. The production 
uncertainty is different for every WF, which means that a separate valuation and pricing must 
be done for every option, which will effect market liquidity negatively. 
[00104] Specifically, the bilateral options market continuously receives buy and sell bids 
for options for specific WFs or groups of WFs (1901). The market also ranks the WFs 
against various criteria. When bids and offers match (1903), a deal is closed. Upon closing 
the deal, transaction confirmations are sent to buyers and sellers (1905) and option premiums 
are settled against accounts, in much the same way as discussed above with regard to Figure 
18. A determination is made whether the option hour has started or not. If yes, a send-up or 
send-down regulation order is sent to sellers of options from holders of options (1907). If no, 
participants continue to monitor the market (1901). This leads to settlement of spot sales for 
the given time period (1909). Data about the market is calculated hourly. 
[00105] A WF — PX options market embodiment of the present invention is shown in Fig 
20, and can be implemented on a computer network that enables communications between 
Power Exchange 509 (Figure 2) and other parties, such as the risk minimization and insurance 
mechanism of processor 500, which is associated with windfarm 503. In the PX options 
market, the WFs make or acquire production forecasts according to the latest weather 
forecasts (2001). The production forecast includes at least the expected production volume for 
different probability levels. 
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[00106] At the time when bids are to be submitted on the spot market, the WF (actually the 
operator, or a software based process operating on behalf of the WF operator) bids its 
expected production for the time period (2003). The bid production volume would usually be 
the expected production. Alternatively, the bid production volume can be set to another level 
such as the volume (in discrete standard units) at with the WF is 90% certain of being able to 
meet the production. If the cost of call options differs from the costs of put options, the bid 
production volume on the spot market would differ from the expected production volume in 
order to minimize production uncertainty cost. 

[00107] After the expected volume is bid on the spot market, new weather forecasts could 
change the expected production of the WF (2005). This leads to an expected unbalance 
(2007). If there exists a market for balancing power (such as Elbas on the Swedish and 
Finnish market), the WF can continuously trade itself into balance on the balance market 
(2009a and 2009b), until that market closes before the time period. 

[00108] After the balance market has closed, or if there does not exist a balance market, 
new weather forecasts will lead to an expected unbalance that cannot be covered with existing 
financial instruments. Given the cost (expenses and/or fines) of unbalances determined by the 
ISO, such as penalty costs or repurchasing costs, an expected unbalance cost can be 
calculated for the WF for the time period (201 1). Also given the probabilities of different 
production levels from the latest production forecast, the unbalance costs for different 
probability levels can be calculated. 

[00109] The expected unbalance costs in combination with the risk willingness of the WF 
and possible transmission constraints, will determine how many options the WF would want 
to buy, and at what maximum price, in order to manage its production uncertainty risk. 
[00110] The risk willingness of the WF (2013 a) defines how much risk the WF can accept. 
The risk willingness is a factor depending on the costs of not being able to fulfill the bid 
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production levels on the spot exchange or in bilateral contracts, possible costs/lost revenues if 
the delivery of "green" energy cannot be fulfilled, but it also depends on the financial 
situation of the WF (i.e. the risk of financial distress). Further insights about penalties for 
production shortfalls are found in Fig, 16. Possible transmission constraints (2013b) will also 
affect the desired purchase/sales of options, since it will have an influence on the possibility 
of the WF to meet its obligations in all situations. 

[00111] The amount of options and the highest acceptable price will then be calculated 
automatically (2015). The risk willingness will influence to what level of unbalance that 
options will be bought to cover the risks. A risk averse WF would probably buy options to 
cover the effects of all possible production levels, and a more risk seeking WF would 
probably not buy options that cover more than a certain degree of all possible production 
levels but not all. By keeping some of the risk, the total option costs can be lowered. It is 
therefore a balance between the cost of options that cover the very last part of the risk and the 
possible cost of production unbalance that could occur if not all of the possible production 
uncertainty is covered with options. This automatic process of determining the amount of 
options and the highest acceptable price for them, results in bidding information that is 
submitted to the PX options market. 

[00112] The bidding information from (2015) is matched with the current asks for options 
for the time period on the PX options market (2017). If there are asks with acceptable prices, 
there will be an automatic deal. The trade is settled automatically, and the options premium is 
settled against the WFs and the Hyrdos respective PX account. A confirmation of the trade is 
sent out by the PX (2021). 

[00113] If there are no acceptable asks, a warning signal is triggered to the WF (201 9). The 
WF has to decide whether to raise its bid to reach a deal, or to wait for other possible asks at a 
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later time (2023). If no deal is reached, the WF has to accept eventual penalties or costs 
associated with the production uncertainty. 

[00114] During the production time period, any deviations from the forecasted wind power 
production will trigger an automatic signal to the PX (2025). If the WF has enough options to 
compensate for the fluctuation, the PX calculates what regulation that is required by every 
seller of options for that time period, and sends regulation signals to the Hydros. 
[00115] After the production time period has passed, the PX settles the sales of on the spot 
market (2027). All participants get credits for the amount of energy they produced, regardless 
of any possessions of options. 

[00116] A WF - Bilateral options market embodiment is shown in Fig. 21 . In the Bilateral 
options market, the WFs makes or acquires production forecasts according to the latest 
weather forecasts (2101). The production forecast includes at least the expected production 
volume for different probability levels. 

[00117] The risk willingness of the WF (2103a) defines how much risk the WF can accept. 
The risk willingness is a factor depending on the costs of not being able to fulfill the bid 
production levels on the spot exchange or in bilateral contracts, possible costs/lost revenues if 
the delivery of "green" energy cannot be fulfilled, but it also depends on the financial 
situation of the WF (i.e., the risk of financial distress). Further insights are found in Fig. 16 
as described previously. 

[00118] The costs of unbalances determined by the ISO, such as penalty costs or 
repurchasing costs (2103b), will also affect the WFs need for production uncertainty risk 
management. 

[00119] The production forecast with uncertainty for the time period, together with the risk 
willingness and cost of unbalances for the WF, all affect the design of the required bilateral 
option. The required design of the option, and also the highest acceptable price, is calculated 
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automatically by the WF (2105). Further insights are found in Fig. 16 as described 
previously. 

[00120] The WF thereafter places bids for the bilateral option. This can be done either 
manually in direct contact with Hydros, or (preferably) on the electronic bilateral options 
market for that specific option (2107). The bid must contain information about the expected 
meteorological situation, the expected production for different probability level, and perhaps 
also information about the specific WF (production history etc.). The bid must also have a 
highest acceptable option price for the WF. 

[00121] With all requests for power options on the PX, the Hydros can calculate the 
expected profitability of every bid. The possibility to accept a bid is also affected by possible 
transmission constraints in the grid, since it influences whether the hydro can meet its 
obligations in all situations. If any bids are placed on acceptable levels, the Hydro accepts the 
obligation and issues the bilateral option to the WF in question (2109). 
[00122] If no bids are placed on an acceptable level, the Hydro can submit counterbids on 
a higher level to every WF of interest. The WF can then either try to submit a new bid on a 
higher level (21 1 1), or it have to accept eventual penalties or costs associated with the 
production uncertainty. 

[00123] If a Hydro accepts the bid, a transaction confirmation is sent to the parties (2113). 
The trade is settled automatically, and the options premium is settled against the WFs and the 
Hyrdos respective PX account. 

[00124] During the production time period, any deviations (e.g., user settable such as 10% 
deviation, 20% deviation, etc.) from the forecasted wind power production will trigger an 
automatic signal. If the option was traded at the PX, the signal is transmitted to the PX 
(2115), and the PX forwards the regulation signal to the specific Hydro. If the bilateral 
option was bought directly from a Hydro, and thus not bought at the PX, the signal is 
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transmitted directly to the issuing Hydro. Multiple triggers can be set, such that a first 
shortfall (e.g, 10%) is satisfied by a first bilateral option, and a second shortfall (e.g., above 
20%) is satisfied by second bilateral option. 

[00125] After the production time period has passed, the PX settles the sales on the spot 
5 market (2117). All participants get credits for the amount of energy they produced, regardless 
of any possessions of options. 

[00126] Hydro - PX options market embodiment is shown in Fig. 22. The Hydro 
continuously calculates its regulation potential for the coming time periods (2201). The 
y s regulation potential is influenced by the current reservoir level, the planned production level 

Igj for the coming time periods compared to minimum/maximum production levels and the price 

fit 

y level on the spot market compared to the price level on the futures market. 

tfj [00127] If the regulation potential is good, the present weather forecasts are used to 

1 ? calculate the forecasted need for total up/down regulation for all WFs in the market (2203). 

% The total forecasted regulation need will determine the value of regulation potential, and thus 

l#i set the price for regulation options. 

[00128] The risk willingness of the Hydro (2205) depends on the willingness to accept 
financial risks and on the financial consequences of unplanned regulation. Further insights are 
found in Fig. 17 as described previously. A Hydro with good regulation potential would 
suffer less from unplanned regulation, and would thus be more willing to take on risks from 
20 issuing options. 

[00129] The estimated total need for regulation, which in fact sets the price level for 
regulation options, together with the risk willingness of the specific Hydro, is input when the 
wanted price for issuing options is calculated (2207). In a situation with a strained 
transmission situation in the grid, possible transmission constraints also have to be taken into 
25 consideration since it will affect the possibilities to fulfil the obligations from the issued 
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options. The wanted price for the regulation options are based on the market need for 
regulating power, the Hyrdo's ability to issue options, and on the market price for different 
time periods. These factors are taken into consideration in a valuation model, that could be 
run automatically. When the price for options are calculated, the options are issued 
automatically on the PX (2209). 

[00130] If the regulation potential in the first box (2201) on the other hand would be low, 
the potential financial consequences of issuing options would have to be calculated instead 
(221 1). This calculation would include the possible consequences if the Hydro could not 
fulfill its own obligations due to a high degree of ordered regulation from the WFs, and the 
consequences from having to deviate from the planned optimal production plan for the 
coming time periods. Since the production plan is forecasted to give optimal revenues, any 
disruptions to this plan would lead to lower forecasted revenues. 

[00131] If the financial potential is worth the financial risk, the maximum volume of 
issued options and the least wanted price is calculated (2213), and offers are sent to the PX. 
If the potential is not worth the risk, no automatic transactions are done. Instead, the Hydro 
can manually consider to issue options hour by hour, when more information from better 
weather forecasts are obtained, which gives the Hydro a clearer image of the corresponding 
risks (2215). If a situation occurs where the options premium is worth the risk, the volume 
and wanted price is calculated (2217), and the offers are sent to the PX (2209). 
[00132] If there are matching bids at the PX, a deal is triggered (2219). The PX then settles 
the option premiums between the participants. If there are no matching bids, the Hydro can 
choose to place more attractive offers. 

[00133] During the production time period, production regulation orders are calculated by 
the PX and sent to Hydros that have been issuing options (2221). After the production time 
period, spot sales on the PX are settled by the PX (2223). 



41 



[00134] A Hydro - Bilateral options market embodiment is shown in Fig. 23. The Hydro 
continuously calculates its regulation potential for the coming time periods (2301). The 
regulation potential is influenced by the current reservoir level, the planned production level 
for the coming time periods compared to minimum/maximum production levels and the price 
level on the spot market compared to the price level on the futures market. 
[00135] If the regulation potential is good, the present weather forecasts are used to 
calculate the forecasted need for total up/down regulation for all WFs in the market (2303). 
The total forecasted regulation need will determine the value of regulation potential, and thus 
set the price for regulation options. 

[00136] The risk willingness of the Hydro (2305) depends on the willingness to accept 
financial risks and on the financial consequences of unplanned regulation. Further insights are 
found in Fig. 17 as described previously. A Hydro with good regulation potential would suffer 
less from unplanned regulation, and would thus be more willing to take on risks from bilateral 
options. 

[00137] The estimated total need for regulation, which in fact sets the price level for 
regulation options, together with the risk willingness of the specific Hydro, is input when the 
wanted price for issuing options is calculated (2307). In a situation with a strained 
transmission situation in the grid, possible transmission constraints also have to be taken into 
consideration since it will affect the possibilities to fulfill the obligations from the issued 
options. The wanted price for the regulation options are based on the market need for 
regulating power, the Hyrdos ability to issue options, and on the market price for different 
time periods. These factors are taken into consideration in a valuation model, that could be 
run automatically. 

[00138] If the regulation potential in the first box (2301) on the other hand would be low, 
the potential financial consequences of issuing options would have to be calculated instead 
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(2309). This calculation would comprise the eventual consequences if the Hydro could not 
fulfil its own obligations due to a high degree of ordered regulation from the WFs, and the 
consequences from having to deviate from the planned optimal production plan for the 
coming time periods. Since the production plan is forecasted to give optimal revenues, any 
disruptions to this plan would lead to lower forecasted revenues. 
[00139] If the financial potential anyway is worth the financial risk, the maximum 
underlying regulation volume for the bilateral options and the wanted price is calculated 
(23 1 1). If the potential does not seem to be worth the risk at the moment, no automatic 
transactions are made. Instead manual contact are held with WFs closer to the production 
hour, which gives the Hydro a clearer image of the corresponding risks (23 17). This can later 
spawn a transaction if the price is right (2315). 

[00140] In the bilateral options market, the WFs have submitted their need for power 
regulation, for different probability levels, to the PX (or directly to a Hydro). It is accordingly 
known to all Hydros the probability of different regulation needs for every specific WF for 
the time period. Based on the forecasted need for regulation (2313), the Hydros submit bids 
to match the regulation need of a specific WF (2315). The bilateral option that is offered 
would cover the whole regulation need for that WF, thus transferring all of the risk from the 
specific WF to the specific Hydro that issued the option. 

[00141] If the Hydro cannot submit an offer that matches the bid from a WF, the Hydro 
can evaluate if it is possible to accept a lower bid (2319). If it is possible, new offers are 
submitted to specific WFs through the PX. 

[00142] If the bids on the PX match the corresponding offers for a specific WF, an 
automatic deal is triggered (2321). The parties receive transaction confirmations and option 
premiums are settled through the PX. If a bilateral option deal is made manually with a 
counterparty, it could be cleared at the PX or stay purely bilateral. 



43 



[00143] During the production time period, production regulation orders from the specific 
WF are sent through the PX to the specific Hydros that have issued the bilateral option 
(2323). After the production time period, spot sales on the PX are settled by the PX (2325). 

[00144] RISK ANALYSIS AND QUANTIFICATION 

[00145] Regarding renewable power sources such as wind power, there are specific risks 
and methods for quantification associated with Power Exchange (PX) traded options markets 
and bilateral traded options markets according to the invention. These markets specialize on 
trading options for green power as well as Virtual Energy Storage (VES) options for storing 
and withdrawing green energy. The options refer to a specific amount of energy for a specific 
time period. The counterparty is different depending on trading method as described below. 
[00146] Risks for a wind farm (WF) include cost increases when production is higher or 
lower than previously committed volume. The risk can be illustrated with a pdf describing 
EV of production and the possible distribution of production as Fig. 16. Risk is calculated as 
the increased cost (penalty or repurchase costs) as a function of changes in production during 
the time period compared to earlier committed production (100). Risk and an expected 
volume profile (101) can be combined in a diagram showing the probability of a cost 
occurring (102). The company will then decide on the wanted remaining risk: "The risk of a 
cost over x $ for the period should be lower than 5%", which is illustrated by the vertical line 
(102). It would be prudent for the company to purchase options to cover these risks. The 
company will purchase a sufficient number of options to make sure the risk is within the 
anticipated level. 

[00147] Regarding hydroelectric power, there is a basic assumption that Hydro producers 
are and act financially rationally. This means that production previously has been planned to 
an optimum with regard to possibility to sell put and call options for green power, future 
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prices and volume restrictions. All changes in this production plan are negative to Hydro. 
Hydros are faced with at least the following risks: changes in production plans that leads to 
less favorable prices; and changes in production plans that leads to a risk of future water 
spills, which represent a waste of potential energy. 

[00148] The risks for the Hydro producer will be reflected in the wanted price of the 
option, and can be calculated as follows: 

• Issuing call options: (Difference between the price if no extra energy was produced in the 
production unit this hour - actual spot price received) + (cost if this would lead to spill of 
water in the future) = Minimum price of option (a threshold); and 

• Issuing put options: (Difference between the expected price received in the future on 
power not produced now (purchased now) and the current spot price) + (cost if this would 
lead to spill of water in the future) = Minimum price of option (a threshold). 

[00149] The price of the option will also be affected by the current season (summer or 
winter); and aggregated market demand for up/down regulation due to uncertainty in winds. 
[00150] Hydros will make sure that the premium for the accepted risk is high enough, 
otherwise they will not offer any options on the market. Short-term options (for coming 24 
hours) have no need for continuous risk measurement, the calculation is done when selling 
and no further calculations are made. Risks with sold long-term options need to be calculated 
continuously. The method is similar to the one described below. 

[00151] Regarding VES, the charge for VES usage could be a fixed cost or fixed cost plus 
charge for volume. A capacity fee when having large positive or negative balances could also 
be charged. 

[00152] A WF uses a VES to store surplus electricity and withdraw when they have a 
lower production. The value of stored electricity is the price of electricity when withdrawing 
from the storage. The possibility to store wind produced electricity is also worth the premium 
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for converting unreliable wind power to firm green power. WFs use VES to manage 
uncertainty in volume. Risk, and therefor the willingness to pay for reducing the risk will be 
calculated the same way as for options above but should be regarded as a series of risk 
calculations for 1 . . .N time periods. 

[00153] Hydros offering VES will calculate three risks, volume, price and risk of non- 
optimal usage (Fig 17). The risk situation will be calculated using previous VES agreements 
and analyzing the consequences of adding new. The various risks for Hydro offering VES can 
be calculated as follows: 

[00154] Volume risk including the uncertainty in purchase and sale (input and output in 
VES) for two random counterparties (1701 and 1702). All commitments to 1 . . .N 
counterparties are summed to calculate the aggregate uncertainty in volume, leading to a risk 
that all contracted VES deliveries or purchases can't be made. If maximum delivery or 
purchase in a specific time period occurs (1703), options for green energy have to be 
purchased to reduce the risk; and 

[00155] Price risk including the uncertainty in value of input and output to VES from 
counterparty (1704 and 1705). Input to VES is possibly subject to an uncertainty in price, as 
well as the output from VES. The timing between input and output also gives a price risk. 
The net uncertainty in each time period is discounted to current value. The Hyrdos' risks will 
be used when pricing new VES contracts, so high risks in ongoing contracts will affect the 
future price of new VES contracts (1706). 

[00156] There are various pricing possibilities for input and output to VES, the transfer 
price: 

• Spot price for time period - the price of which surplus energy is supplied to the PX by the 
WF, on behalf of the Hydro, and vice versa is the spot price for the time period; 
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• Fixed price for contract period - there is a fixed price for the contract period that fixes 
prices for transactions under the VES contract; 

• No price - there is no price for any VES transactions; 

• Differential - spot price differences when purchasing and selling to the VES will be 
adjusted for so that no participants' received price will be affected. 

[00157] This implies various levels of price risk for Hydro but the same methods for 
calculation of risk are used. When using spot price the price risk will be the price difference 
between input in VES and output from VES. This will give a non-controllable price 
difference for Hydro which is a non-desirable risk. When using a fixed price there will be no 
price risk for Hydro. When using no price, there will be no price risk for Hydro, there will be 
a cash flow unbalance though, but the effect is small for both parties. If adjusting for spot 
price differences there will be no price risk for Hydro. 

[00158] Risk of non optimal production planning concerns the net sales from VES for one 
time period and the expectations on VES usage during the time period (1707). This 
uncertainty is the same as volume risk (1703). EV is the current optimal production plan. 
There is a cost associated with changes in this production plan (1708) and this results in a 
probability that a certain cost of VES contracts (1709). 

[00159] There is always a volume risk that all VES contracts will execute simultaneously 
in the same direction so that all contracted VES deliveries cannot be made. The alternative for 
Hydro is to purchase options as above to deliver to a VES holder. 

[00160] By providing, in a reliable fashion, units of electrical power that are at least 
partially derived from the wind farm 503, enables the wind generated electrical power to be 
on par with other types of power in a commercial setting. The present inventors have 
recognized that by making this power reliable both in terms of the quality of the power 
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provided to the grid, and also in terms of the contractual reliability with which the wind 
power may be provided to the grid by relationships with virtual energy storage facilities, wind 
power units may also be traded on a power market. As previously discussed, the power 
exchange 509 includes long term contracts for providing predetermined amounts of power to 
the grid. Thus, by being able to have guaranteed certain output levels of power from the wind 
farm, the wind farm operator may also participate in this power exchange by entering into 
forward contracts. It should be stated that while the present invention discusses wind power 
as a preferred embodiment it is also applicable for solar power for example or other time 
varying power production facilities. 

[00161] Another feature made available by the present invention is the creation of a 
renewable power exchange 507, which includes units of power that may be traded from 
power production facilities that use renewable sources of power (solar, wind, hydro, for 
example). The renewable exchange is based on the principle that if certain power production 
facilities can reliably predict the amount of power they can produce at any given instant in 
time, then contractual relationships may be formed and units of power, that are perhaps 
guaranteed by way of options contracts, may be traded in a forum such as in a power 
exchange for renewable energy sources. The renewable power exchange will be based on the 
principle that units of power for some given period of time produced by the wind farm, may 
be predicted with a certain degree of accuracy, based on meteorological data source and 
prediction tool 513. 

[00162] This meteorological prediction tool 513 provides a statistical probability 
indicating the likelihood of the wind farm actually producing the amount of power contracted 
for a given period of time. Based on this prediction, it is the availability of that information 
that is reviewable by different market participants at the renewable power exchange, bidding 
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is done on the unit of wind power energy produced by the wind farm at some given period of 
time. 

[00163] Due to wind power being "green", this type of power is highly desirable and 
financial incentives are sometimes offered by different governments to provide this type of 
power, or even quotas placed on power providers for providing a certain amount of green 
power as part of their energy portfolio. By providing units of power that are available for 
sale, including the statistical likelihood of the reliability of providing that power, market 
participants in a renewable power exchange 507 may purchase the units of power from wind 
farm as a forward option. Market participants may include other wind farm operators such as 
the third party wind farm 517 who seek to increase the likelihood of delivering power for 
their respective contractual obligations by accumulating more power production resources. 
Other operators such as thermoelectric plant 515 or hydroelectric plant 511 operators may 
also purchase the units of wind power and use the control center processor 500 as a 
mechanism for guaranteeing that the hydroelectric plant 51 1 or thermoelectric plant 515 can 
increase its production in the cases when the wind farm in fact has a lull in wind and cannot 
produce the required amount of wind generated electric power. Likewise, the other operators 
may purchase from a wind farm operator a surplus of potential energy saved in the wind farm 
operator's virtual energy storage account. The potential energy assets will tend to accumulate 
in the wind farm operator's account if the wind turbines experience a greater than predicted 
amount of wind. 

[00164] The price that a hydroelectric plant operator (or other type of operator) would be 
willing to pay would be a function of the level of renewable energy resources they presently 
have collected, or as a result of their optimization process, predict to have in the future. For 
example, the price a hydroelectric plant operator would be willing to pay for wind energy 
would be relatively high if the water reserve at the hydroelectric plant is relatively low or 
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below expectation levels for that particular time during the season. The water reserve is here 
the reservoir volume minus possible VES contract volumes. On the other hand, if the 
hydroelectric plant operator has a larger than expected surplus of water reserve, and may even 
have to spill some of the water, it is unlikely that that hydroelectric plant operator would be 
willing to pay much for the power produced at the wind form operations with power produced 
at the wind farm operations and in store in the reservoirs. On the other hand, thermoelectric 
plant operators would, on a unit-by-unit basis, be willing to pay for the green units of wind 
power in order to meet their governmental regulations. Purchasing units of power from a 
wind farm operator also saves on fuel, provided that the output levels and cost from the wind 
farm are sufficient to offset their reserve of fossil fuels. 

[00165] The risks minimization and insurance mechanism 555 receives data through the 
I/O of the renewable energy control processor 500. Alternatively, the risk minimization and 
insurance mechanism 555 may operate independently of the renewable energy control center 
processor 500. Likewise, the renewable energy control processor 500 may be configured to 
include the risk minimization and insurance mechanism 555. Features of the risk 
minimization and insurance mechanism 555 that would govern whether it could be hosted in 
other computer facilities (such as included as part of the power exchanges 507 or 509, or as 
stand alone units) include, as shown in Figure 3, a processor 357 that connects via a bus 359 
to other components, internally, as well as through an interface to outside actors as will be 
discussed. 

[00166] As shown in Figure 3, the processor 357 connects via the bus 359 to a memory 
355, which holds computer readable instructions therein that are able to perform the 
communication operations with outside devices, as well as implementing the insurance 
coordination mechanism 361, power production prediction mechanism 363, and risk 
assessment mechanism 365. Furthermore, the computer readable instructions originally held 
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in the memory 355 and ultimately executed on the processor 357 are able to implement the 
computational steps in the processes of Figures 18-23 previously discussed. The interface of 
the risk minimization and insurance mechanism 555 connects to the meteorological data 
source and service 513 for receiving meteorological data about the present, as well as perhaps 
future and past meteorological data local to the site where the renewable facility is located, as 
well as more macroscopic meteorological data that may influence the forecast provided by 
forecasting prediction mechanisms (which may be a manual process). A power prediction 
market mechanism 591 is a computer-based market (although alternatively a manual process 
may be performed as well) for making available forecast data, that may include forecasts on 
power production levels from specific renewable sites as well as other sites. More of the 
details of the power prediction market mechanism 591 are discussed in the process flow of 
Figure 4. 

[00167] The interface also interconnects to different exchanges, which include the 
renewable exchange and the power exchange 594. The forecast data as well as the power 
production prediction mechanism and risk assessment mechanism 365, provide data to the 
renewable exchange in PX 594 (in Figure 3, shown separately as 507 and 509 in Figure 2), 
and pricing information provided by the renewable exchange and the PX are provided to the 
risk assessment mechanism 365, for identifying predicted prices for present and future sales 
of power to be produced by a particular renewable facility. Finally, the interface creates a 
connection to renewable providers and investors 595, as well as other actors who may have 
an interest (financial or otherwise) in obtaining data regarding the likelihood of certain power 
production levels being met by a wind farm (or other type of renewable) at a certain time in 
the future. By receiving information from the providers and investors 595, the renewable 
providers and investors will help minimize their own financial risk by having better quality 
data and being able to identify when it is necessary to identify whether the investors or 
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renewable providers need to hedge their investments, by seeking back-up power, to the extent 
the renewable providers and investors will be investing in power to be produced by renewable 
sources in the future. 

[00168] The power production prediction mechanism 363 has the function of predicting 
the amount of power output by a particular renewable facility at some predetermined time in 
the future. Through ensemble forecasting, the meteorological actors may provide an 
estimated probability for the size of the prediction error. The meteorological ensemble 
forecasts are a set of forecasts starting from slightly perturbed initial conditions. Through the 
strong non-linearity of the atmospheric motion systems a spread in forecasted variables 
results. This spread may be taken as representing the range of uncertainty due to erroneous 
inputs, and due to errors in forecast model formulations. By relating this error to the prices at 
the power market, a financial risk assessment is possible. This assessment can be refined 
using software simulation scenarios e.g. following the approach by Meibom et.al. (cited 
previously), but on time-scales relevant for the prediction period. The range of power 
production predictions obtained by combining the meteorological forecast uncertainty with a 
calculation of power production for a given wind energy turbine is combined with the pricing 
at the energy exchange. The financial impact of a meteorological forecast error is then 
obtained. Based on this knowledge, a market for power production predictions is formed. 
The knowledge is also helpful to the usage of the VES business model discussed above an in 
US patent application serial no. 09/749,999. A value of the financial risk connected to 
putting power production options on the energy exchange is obtained. 
[00169] The risk assessment mechanism 365 receives the output from the power 
production prediction mechanism 363, in the form of a statistical description of the likelihood 
of predetermined levels of power production from the renewable facility over some period of 
time. The power production prediction mechanism 363, also provides a related expected 
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price to be paid for that power if sold in an open market system such as the renewable 
exchange and PX 594 (Figure 3). The power production prediction mechanism 363 makes 
this estimate of pricing information as described above in the section on risk analysis and 
quantification. With this pricing information, including the statistical indicator regarding the 
variants of the pricing information, the risk assessment mechanism 365 can then determine 
whether a back-up form of power is required or at least the option to supplement the 
renewable power output with power that may be produced via a VES. The greater the 
variance in the forecasting results, the greater the uncertainty regarding whether a full 
delivery of power from the renewable facility will be achieved. As a consequence, greater 
price risk is available for investors and the power provided by the renewable facility. 
[00170] The insurance coordination mechanism 361 keeps track of the statistical accuracy 
with regard to the past forecasts. Depending on how accurate the forecasts have been, the 
insurance coordination mechanism 361 will provide either prompts to a user of the risk 
minimization and insurance mechanism 555, requesting whether insurance would like to be 
obtained or not to offer to offset financial risk for providing a faulty forecast. If so, the 
insurance coordination mechanism 361 sends a message to a previously identified insurance 
carrier, who previously agreed to issue financial insurance for providing forecast data that 
was used in a particular trade. The insurance coordination mechanism 361, may also include 
an automated feature, which is applicable when a user of the risk minimization insurance 
mechanism 555 already decides that insurance should be obtained either for the investors 
themselves, or for the forecaster, to guard against a risk of legal liability should a cause of 
action be raised against the forecaster for providing faulty information. 
[00171] However, another type of insurance provided by the insurance coordination 
mechanism 361, is the coordination of a contract with another energy provider so as to 
provide supplementary energy in the case that the production is below a previously predicted 
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level. In this way, the insurance coordination mechanism 361, can either "on the fly" or 
through a previous arrangement, place a request to the VES as a back-up source of power, 
should there be a shortfall. 

[00172] Figure 4 is a flowchart describing the mechanism for the power prediction market 
5 and the activities of the power production market. This market is driven by parties that make 
a specific request regarding a specific renewable facility, as well as for general reporting 
purposes on a number of renewable facilities. The process begins in step S601 where an 
inquiry is made regarding a request that was received for providing the report on a specific 
renewable facility site. If the response to the inquiry is yes, the process proceeds to step S605 
llrjj where specific site data is read from memory. The site data at least includes location, power 
m production capacity and whether there are existing VES arrangements (either contractual, or 
*G through ownership, or joint venture, via a common owner for example). If the response to the 
inquiry in step S601 is negative, the process proceeds to step S603, where similar data as that 

n% 

W obtained in step S605 is obtained, however the data is for a predetermined list of renewable 

ljf facilities. For example, the predetermined list of renewable facilities may be the most 

popular renewable facilities for investment by private investors. As a consequence, these 
investors may like to periodically receive updates on a likelihood of their particular facilities 
meeting or exceeding the expected production forecast from an earlier date. 
[00173] After either step S605 or step S603, the process proceeds to step S607 where 

20 meteorological data is obtained for the relevant sites. The meteorological data includes not 
only data provided from local sensors, but also from nearby wind farm sensors, 
meteorological network sensors, as well as national meteorological facilities, like those 
discussed in reference to Figure 36 of US patent application Serial No. 09/749,999. With the 
meteorological data, a forecast of the wind energy (or other type of renewable energy source) 

25 is made as well as the identification of the related error associated with that forecast. 
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[00174] The process then proceeds to step S61 1, where financial data is retrieved from the 
respective power exchanges. The process then proceeds to step S613, where a forecast is 
made of the market production (the amount of power expected to be produced) and the 
associated related error distribution. The process then proceeds to step S615, where a 
monetary value of the production forecast error distribution is calculated as described in the 
above section on risk analysis and quantification. The process then proceeds to step S617, 
where an inquiry is made regarding whether the forecast requested was for the specific 
renewable facility. If the response to the inquiry is affirmative, the process proceeds to step 
S621 where a report of the monetary value of the forecast production is provided, along with 
the related error to the party who made the request. The process then proceeds to step S623, 
where a fee is collected from the requesting party or an agent of the requesting party and 
subsequently the process ends. It should be noted that the delivery of the report may be in 
any one of a variety of forms, including electronic communication (e.g. e-mail, or even a web 
posting), but may be by other techniques as well such as even by telephone or by mail. If the 
response to the inquiry in step S617 is negative, the process proceeds to step S619, where the 
subscribers are notified by either posting the monetary value of the production forecast error 
to a subscriber accessible web site for the different renewable facilities, or the value is 
reported to subscribers by other methods. These other methods may include specific 
electronic messages sent to the subscribers (e.g., e-mail), or by postal mail or the like. The 
process then proceeds to step S625 where periodically a subscription fee is collected from the 
different subscribers and then the process ends. 

[00175] Since risk is taken care of through the present invention, a producer or trader of 
renewable power on the market may go for a better price on the power exchange than he 
would be able to obtain in a bilateral agreement. Using the possibilities of the Virtual Energy 
Storage system, as described in U.S. patent application no. 09/749,999, the actor is able to 
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enter obligations holding a larger risk since he may, via options, protect himself against 
renewable production fluctuations. The price setting is determined by the production, 
transmission and consumption scenario, and by the risk associated with renewable power 
prediction uncertainty. Assessment of the risk is described above and forms an integral part 
of the present invention. This risk calculation and evaluation is automated in the wind power 
prediction system such that when a preset level of risk is exceeded, a signal is transmitted to 
the producer, trader, or other party on the market. This signal triggers a contractual procedure 
in which an obligation for backup delivery of power is marketed or purchased. 
[00176] Now, turning to Figure 5, the process begins in step SI 001, where a forecaster 
provides a forecast of the wind energy production and its error probability. The process then 
proceeds to step SI 101, where the production forecast is marketed together with the error 
information. Alternatively, the process may proceed (either alternatively, or in parallel), to 
step SI 201, where a forecaster also calculates monetary value of the production forecast 
error. When the process completes step S 1201, the process then proceeds to step SI 203 
where an inquiry is made regarding whether the monetary risk of guaranteeing the forecast is 
too large (relative to a predetermined threshold that may be fixed, or also user-settable). If 
the response to the inquiry in step S 1203 is negative, the process proceeds to step SI 205, 
where the production forecast is traded. If the response to the inquiry in step S1203 is 
affirmative, the process proceeds to step S1209 where a back-up power delivery option is 
purchased by the forecaster so as to supplement the production forecast. This would occur, 
where the investor or the one responsible for actually delivering the predetermined amount of 
power, obtains a certain amount of insurance in the form of back-up power delivery should 
the production forecast be more optimistic than the power that was actually produced. The 
process then proceeds to step SI 207, where the production forecast is traded with a guarantee. 
In step S1207, optional insurance may be purchased through an insurance policy for the 
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forecaster so as to avoid legal risk to the forecaster in the event of an erroneous production 
forecast. The amount of insurance required reduces with a corresponding increase in the 
amount of back-up power delivery option (amount of power to be delivered) purchased. 
[00177] Turning to step S 1 1 0 1 , the output then proceeds in parallel to three different steps 
S3001, which is reception at a power exchange, S3003, a wind power producer, and step 
S3005, where a hydropower producer receives the production forecast information. 
[00178] After Step S3001 the process proceeds to Step S3007, wherein the risk of grid 
imbalance is determined in terms of Af and AW by notifying the system operator of the 
possibility for grid imbalance, which helps facilitate the planning process for the system 
operator so as to avoid a risk of having grid imbalance, thereby giving rise to a possible load 
shedding requirement. 

[00179] The wind power producer in Step S3003 then calculates the monetary value of 
production forecast error in Step S3009. Alternatively, the monetary value of production 
forecast error may be calculated by another entity and simply provided to the wind power 
producer. After Step S3009 the process proceeds to Step S3015 when an inquiry is made 
regarding whether the monetary risk is larger than a predetermined level. If the response to 
the inquiry is negative, the process proceeds to Step 3013 where the forecasted wind energy 
production is then made available for trading on a market such as the renewable power 
exchange or the power exchange itself. On the other hand, if the response to the inquiry in 
Step S3015 is affirmative, the process proceeds to Step S3017 where the wind power 
producer (or an agent thereof) purchases a backup power delivery option from a virtual 
energy storage facility. Alternatively, a preexisting contractual arrangement may be in 
existence with the VES so that all that is needed is to notify the VES of the probability of 
having to receive a surplus produced by the wind power production unit (renewable power 
production unit) or cover a deficit in wind power production (renewable power production). 
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The process then proceeds to Step S3019 where the forecasted wind energy production, 
backed by the VES delivery option, may be sold on the market. 

[00180] With regard to a hydropower producer in Step S3 005, the process proceeds to Step 
S3 01 1, where the monetary value of production forecast error is calculated, as was the case 
with S1201 and S3009. The process then proceeds to Step S3021 where an inquiry is made 
regarding whether the storage of energy is sufficient to serve as a market backup for a power 
delivery option. If the response to the inquiry is negative, the process proceeds to Step 
S3023, where the VES does not offer backup power delivery options. On the other hand, if 
the response to the inquiry in Step S3021 is affirmative, the process proceeds to Step S3025 
where the backup power (VES) delivery option is sold on the market. Subsequently the 
process ends. 

[00181] Figure 7 is a flowchart describing some of the sub steps on Step SI 001 of Figure 5 
for example. The process begins in Step S820 where the information regarding a particular 
renewable site is collected. The process then proceeds to Step S821 where an ensemble 
forecast is performed for that specific site. The ensemble forecast enables a spread of 
forecasting results to be obtained for different prediction periods. These forecasting results 
relate to forward contrast for power delivery at predetermined times in the future. The 
process then proceeds to Step S825 where the range of power production predictions are 
calculated for the renewable site by combining the spread of forecasting results with a 
mathematical power production model of the renewable power production facility located at 
the renewable site. One example of such a production model, for in this case a wind turbine, 
is shown in Figure 9. The process then proceeds to Step S827 where pricing information 
from the various power exchanges on forward contract prices for a power delivery are 
collected. 
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[00182] After the ensemble forecast is performed and the pricing information has been 
collected, the process proceeds to Step S829. In Step S829, an expected value of production 
level E(P) is obtained, as well as price E($), and perhaps statistical variance o 2 or a standard 
derivation a of at least one of the production level and price. Moreover, using a probability 
density function, pdf, (or a cumulative distribution function), an expected value of the 
production level and price may be determined directly from a combination of the probability 
density function obtained from the ensemble forecast and the power output capabilities of the 
particular renewable site. Having the pdf enables the calculation of an expected value, as 
discussed in De Neufville, R., "Applied System Analysis: Engineering Planning and 
Technology Management", 1990, page 316, specifically, and more generally with regard to 
risk assessment decision analysis, pages 272 - 323, the entire contents of this book being 
incorporated herein by reference. It should be noted that the statistical variance, a 2 , is only 
one type of stochastic measure that may be used to characterize variability of wind power 
production. Other statistical techniques could be used as well, such as those described in 
DeVore, J, "Probability in Statistics for Engineering in the Sciences", Brooks/Cole Publishing 
Company, 1987, the entire contents of which being incorporated herein by reference. 
[00183] The process then proceeds to Step S83 1 , where an inquiry is made regarding 
whether at least one of the expected value of power production (E(P)), expected price (E($)), 
or standard deviation (or variance) is above a predetermined threshold 1, for that variable. 
When threshold 1 is exceeded, the process proceeds to Step S837, where the excess power 
may be sold (or kept on account) with a VES as part of a delivery option for the excess 
expected power to be produced above thresholdl . Subsequently, the process proceeds to Step 
S839, where the predicted amount of energy is sold on the market, and then the process stops. 
On the other hand, if the response to the inquiry in Step S831 is negative, the process 
proceeds to Step S833, where an inquiry is made regarding whether the statistical indicator is 
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less than a second threshold, threshold2. Threshold2 is lower than thresholdl, and if the 
expected power production is less than threshold2, then it would behoove the investor or 
wind power producer, to ensure that a backup delivery option is contracted, possibly from a 
VES. When relying on VES for the backup delivery source, as shown in Step S835, first the 
availability of reserve energy at the VES is checked and then if sufficient, the option to obtain 
excess power from the VES is reserved for supplementing the possible shortfall from the 
renewable power provider. Subsequently, the process proceeds to Step S839 as discussed 
before. Similarly, if the response to the inquiry in Step S833 is negative, thus indicating that 
expected power delivery is above threshold2, then the process proceeds directly to Step S839, 
where the forecasted wind energy is sold. Subsequently the process stops. 
[00184] Figure 8 is a probability density function of the power output from a renewable 
facility at a predetermined time frame. The specific shape of the pdf will be unique to a 
particular set of forecast data. The one restriction on pdf is that the area under the curve must 
sum to 1. The pdf curve in Figure 8, shows that a peak probability occurs somewhere in the 
neighborhood of 75% of nominal production (X). The spread of the pdf will indicate an 
amount of variance of the predicted power output, i.e. the probability of a certain deviation 
from the expectation value. Larger variances, indicating a larger range and thus greater 
uncertainty with regard to whether the predicted power will actually be deliverable or not. As 
shown in Figure 8, thresholdl and threshold2 are set at different power output levels. If the 
probability of exceeding a given power output (or expected monetary value) is what is 
indicated by thresholdl, then an excess amount of power is available for delivery. Likewise, 
if it is determined that the spread, i.e. uncertainty, in power production deviates more from 
the expectation value than as would be limited by threshold 2, then it would appear necessary 
to attain backup power delivery option for a purchase. 
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[00185] TRADING POWER OPTIONS AND POWER PREDICTIONS ON A 
RENEWABLE EXCHANGE 

[00186] With the addition of a large volume (e.g., 10's of percentage of the total share) of 
fluctuating renewable power production like wind energy a new situation and new 
possibilities emerge for the energy exchange business. The risk associated with trading of 
wind power based on meteorological predictions opens a possibility to trade with both 
predictions and to price hedging using risk assessment based on prediction uncertainty and 
future load scenario. 

[00187] The incentive for an actor on the market is based on the business opportunity and 
the risk of engaging into business contracts. For an actor, like a national weather service or a 
meteorological consultant, the business opportunity is given by the monetary value of 
forecasts. The larger the probability of an erroneous forecast is the lower is the market value 
of the forecast. In order to claim validity of a forecast the meteorologist takes a risk. In order 
to insure him/her-self against possible financial penalties and at the same time keep prices on 
forecast services up the meteorologist may take part of the option trading. 

[00188] POWER EXCHANGE BALANCING FUNCTION 

[00189] The prediction uncertainty coupled to meteorological forecasts of wind power 
production leads to a risk. This risk is present for the individual trader as well as for the 
power exchange itself, or any sub-system of it. For the individual trader it primarily 
generates a need for purchases of power delivery options, e.g. through the virtual energy 
storage, VES, in order to avoid risk of loss of income, or possible penalties for not delivering 
contracted sales of wind power. For the power exchange it primarily leads to a risk of grid 
imbalance. The prediction uncertainty is for the exchange measured in terms of a 'power 
production differential', AW. The differential is the difference between forecasted production 
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and the actual production that due to the forecast error probability may result. The relevant 
measure being e.g. MW. Different areas of the grid may due to different amount of installed 
wind power capacity and different forecast error probabilities have different power 
production differentials, AW. 

[00190] Each wind power production unit will have a AW associated with it. So will each 
wind farm, as well as each region of the grid with wind farms attached to it. A global AW 
results by summation of sub-system AW. 

[00191] The acceptable level of global AW is coupled to the acceptable level of frequency 
fluctuation, Af, through the stiffness of the grid. This accepted level forms an indicative 
signal for AW of the power exchange. If AW values exceed accepted levels trading 
agreements for wind power and virtual energy storage will need to be adjusted to meet the 
acceptable levels. 

[00192] Figure 6 is a flowchart that includes process steps for mitigating risks associated 
with grid imbalance that may arise due to some production shortfalls. The process begins 
with step S3007 where the risk of grid imbalance in terms of AW and Af are determined. The 
process then proceeds to step S3 601 where an inquiry is made regarding whether the 
probability of grid imbalance of magnitude AW or alternatively Af is larger than allowed (e.g. 
greater than a predetermined threshold). If the response to the inquiry in step S3601 is 
negative, the process proceeds to step S3607 where the process ends. On the other hand, if the 
response to the inquiry in step S3601 is affirmative, the process proceeds to step S3603 
where, based on the likelihood of grid imbalance, the grid operator establish contracts with 
large scale power producers or perhaps consumers, allowing triggering of production and load 
shedding alternatives. By this, balance responsible operators are provided means to interfere 
with trade dynamics so as to insure themselves against grid imbalances. 
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[00193] In Figure 10 a loop of the power prediction process is described. Starting at 

time t=t 0 , block P100 defines the start of a forecast calculation for a forecast to be valid at 
time t=to+Atp where At { is one of many possible forecast lengths. In this step required 
meteorological and geographical data is acquired from the global telecommunication system 
meteorological data flow, or from other sources where relevant data for the given forecast 
length At { is available, such as for very short time-scales e.g. local wind measurements at the 
turbine site. 

[00194] In the next step, a decision of forecast method to be used for the presently 
processed forecast length At, is made. As described in U.S Patent Application Serial No. 
09/749,999, for very short-term forecasts, on the order of seconds to minutes, methods based 
on statistical analysis of time series data from nearby located wind sensors statistical may be 
used. Combination of regression and correlation methods and known probability distributions 
of the wind itself allows wind-prediction on these short time-scales (e.g. Brown et.al. 1984; 
Bossanyi, 1985). These distributions and their characteristics are known at many sites and 
are obtained in real time and updated while a wind farm is operated. The statistical analysis 
provides both a prediction of a value for the wind and its direction, and an estimate of the 
uncertainty of the value, i.e. a possible deviation a u (Pj) at probability level Pj. 
[00195] For short-term forecasting, intervals of minutes to an hour, the prediction may be 
based on Nowcasting techniques possibly in combination with statistical methods. 
Nowcasting here refers to methods for objectively analyzing observed meteorological data 
covering a restricted geographical area (i.e., meso-scale area). Observation techniques may 
include but not be limited to radar, satellite, balloon or ground-based sensors or other suitable 
methods. Preferable output of the numerical Nowcasting tools is a three-dimensional time 
series of data at intervals of minutes. Predictions of available wind for the wind power 
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turbines are obtained from this data by trend fitting using data from the geographic upwind 
area, data from several time intervals, as well as combined with the influence of the local 
characteristics as described by atmospheric boundary layer physics. By perturbing the input 
data of the analysis a spread of predicted values may be obtained. This spread provides 
information on possible deviation from the predicted value of say wind speed component u. 
A deviation a u (Pj) at probability level P J5 where level Pj is given by the probability assigned to 
a given input data perturbation magnitude. 

[00196] For medium range forecasts on the order of hours to days meteorological synoptic 
and meso-scale numerical forecast models are used. Together with ensemble prediction 
methods a measure of the forecast uncertainty is obtained and a value assigned to a deviation 
a u (Pj) at probability level P r By "ensemble prediction methods" the meaning of this term 
describes methods wherein several numerical forecasts runs are made from, relative to each 
other, slightly perturbed initial conditions. The non-linearity of the calculated system leads to 
a spread in predicted values. This is performed by national meteorological centers as part of 
their operations (e.g. Mendez, 2000; Mylne, 2000). 

[00197] For long range forecasts, a week or longer, for example, statistics on wind speed 
and direction are used to produce climatological data, mean value of a variable and the spread 
around the mean value. Statistics are based on data from the meteorological observation 
network and sensors mounted on wind turbines. This data may be combined with past 
numerical forecasting results to fill gaps in the observation network. Numerical climate 
simulation models in combination with ensemble forecast methods can be included as a 
source of information. 

[00198] Having thus obtained a distribution of the relevant meteorological variable, 
represented by wind speed u in block PI 02, and its deviation <r u (Pj) at probability level Pj, the 
predicted flow field will be altered (block PI 03 in Figure 10) as a result of wind farm effects 
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such as wake influences (e.g. Magnusson, 1996). Local flow field corrections may also be 
needed due to small-scale topographic effects not included in the forecast method used, 
particularly for the medium range forecasting described above (e.g. Stull, 1988). Multi 
Variate Data Analysis (MVDA) techniques and/or Neural Network methods may here be used 
to continuously improve the predictive skill. 

[00199] With corrections carried out as described the process now moves on to the step 
wherein the power production of a given turbine is calculated (block PI 04 in Figure 10). 
Knowing the wind speed at hub height, or as an integrated average across the turbine disc, the 
turbine power curve provides the production. Figure 9 shows a typical power curve for a 
pitch-regulated wind turbine from which turbine output power is obtained as function of 
mean wind speed at hub height. Possible losses in the electrical systems are also considered 
here. 

[00200] The sequence of steps covered in blocks PI 00 to PI 04 provides a power 
prediction and a prediction of possible deviations from the predicted value at probability 
levels Pj. 

[00201] To each meteorological forecast method is coupled a time period T, shorter than 
the forecast length At { . This period represents the time window centered at IH^+Atj in which 
the power production prediction is valid. Multiplying the power prediction with the period T 
the predicted energy production is obtained for the time window. Deviations a Pk (Pj) of the 

power production provides in addition deviations of energy production at probability level Pj 
for the time window, as is schematically shown in block PI 05. 

[00202] The data now obtained is ready for transfer to the market actors and may be traded 
as information valuable for actors on the Power Exchange, PX, as well as for the grid 
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operator. The process starting at block PI 00 may now be repeated for another forecast length 
Ati or if all relevant are processed be repeated as new meteorological data gets available. 
[00203] Having, as described by Figure 10, obtained a prediction of energy production W k 
for a given generator k, and its associated possible deviations a Wk (Pj) , Figure 1 1 describes 

how this information is used in the present embodiment to support purchases of Virtual 
Energy Storage options, VES -options, and how the pricing of these options is affected. 
[00204] A first step is here summation of production from the generators in a wind farm 1 
to obtain the wind farm energy production Vf v For each probability level there will also be a 
possible deviation of wind farm energy production. A possible but not necessary scenario is 
that for a large deviation at a given probability level a high price level will result since the 
demand for VES-options will be large. And, conversely, if the predicted deviation level is 
small. An actor in the trade will now ask for bids on the options market. The actor may ask 
for a small factor of predicted deviation at a given probability level or choose to ask for a 
VES-option covering the whole deviation or more. As bids are placed on the market the actor 
may choose to buy an option if the bid level is acceptable. The financial risk the actor is 
ready to take influences the decision to buy or not to buy. Further purchases can then be done 
as the time when PX closes trading gets closer, i.e. as the time to delivery gets closer. The 
ask/bid process may then be adaptive and/or repetitive. 

[00205] The signals represented by the farm production W, and predicted possible 
deviations a^Pj) are here used to trigger business deals that change the content of the actors 
production portfolio. 

[00206] The actor may as shown in Figure 12 choose to trade with trading blocks made up 
of contributions from several renewable power production units and VES-option suppliers. 
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The actor then takes into account limitations in transmission capacity. An actor's trading 
block is thus of the symbolic form 



[00207] 

block + L^Tkap _\^kap _\ ^3^VES _\ S ^ VES Tkap kap _2 ' 

[00208] where ^ - ^ 4 are fractions determining how much of a given units production is 
included in the trading block, and where the fraction of available transmission capacity 
secured by contracts or otherwise available for the actor is denoted by and _ 2 . 

Total transmission capacity in the grid between the production and consumption sites at hand 
are denoted 7^ and T kap _ 2 . 

[00209] The actor may now choose to trade a volume that is in the range from below to 
above the sum of predicted available renewable production, in Figure 12 represented by W l5 
and purchased VES-options. If the actor chooses a trading volume larger than the sum a 
trading risk is present since the actor may fail to deliver the full trading volume. A level 
below the sum of Wj and purchased VES-options provides a trading margin that the actor may 
use as a marketing argument. By having a policy to always trade such that a certain trading 
margin is present the actor may claim to be a more reliable producer. This trading margin 
may for example be used to cope with uncertainties of transmission capacity, in Figure 12 
denoted a Tkap (P r ). P r being a probability level for a possible deviation in transmission capacity. 
[00210] As shown in Figure 13, the actual production/consumption level may deviate from 
what has been settled on the power exchange. This may occur through effects such as: 

• planned changes not known when PX closed trading for the time period at hand, 

• runtime deviations in the system (generators, transformers, grid), 
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• error situations, i.e. a component breakdown leading to production or transmission 
capacity loss. 

[00211] In the present embodiment of the invention meteorological predictions are 
identified as having a market value for the grid operator in charge of frequency control, and 
the operator in charge of balance trading. The value for the power exchange, particularly as 
fluctuating production from renewable power production units are traded, is key to the part of 
the embodiment described through Figures 10-13. 

[00212] Meteorological and geographical data acquired as described in Figure 10 are in the 
present embodiment stored on a computer device together with the forecasting results 
obtained at the end of the chain of activities described in Figure 14. In the present form of the 
invention a computerized database is set up such that historical data are archived on these 
variables as well as the W x values and the W^^.^^ values. Also the transmission capacities 
T kap are stored in the database. This database is then available for data-mining. 
[00213] Through the database one may, given the present situation: 

• predict ones own production, 

• predict a competitors production (if data-mining down to grid node level is possible), 
leading to a business advantage since the bidding process will be better known 
beforehand, 

• predict grid capacity, 

• identify grid capacity expansion needs (software as well as hardware). 

[00214] Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. From the above description, it will be apparent that 
the invention disclosed herein provides novel and advantageous methods and mechanisms to 
operate and control wind turbines, wind farms and their cooperation with the electrical power 
grid and its takeovers aiming at long term business operations and minimizing risk to all 
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market participants. It will also be apparent that the invention disclosed herein provides other 
novel and advantageous methods and mechanisms dependent on meteorological information 
for business activities around wind turbines, wind farms and their co-operation with the 
electrical power grid and its stakeholders aiming at long-term business operations. For 
example, some aspects of the procedures can be performed in various ways equivalent to 
those disclosed herein, e.g., utilizing ganged operation of two or more power producing 
plants (of at least two kinds, e.g., wind and hydro power, described in U.S. Patent Application 
Serial No. 09/749,999, cited above) and/or point-to-point transmission of wind power-based 
units of electrical power between two stakeholders, to execute a back-up delivery option or to 
back-up an erroneous forecast with guaranteed delivery, (upon a direct request, dependent on 
the meteorological information made available by the present invention), i.e., outside the 
power exchange. Similar procedures can also be performed on other renewables, such as 
solar electric power where hydro might be accompanied or substituted by gases that hold 
energy, or heat storage systems that hold thermal energy. Those gases might be not only a 
simple source, such as air, which is compressed (potential energy) but also a more 
complicated source like hydrogen (chemical energy), which is produced by hydrolysis from 
temporarily available surplus electrical power and which is burned in a gas turbine used as a 
prime mover, all to stay within "renewables" regime. LNG, liquid natural gas, is of course a 
strategic option to complement "renewables" to form another type of "hybrid", but still with 
fairly low environmental impact due to its low carbon content, or more precise low C0 2 per 
kWh. It is therefore to be understood that within the scope of the invention, it may be 
practiced otherwise than as specifically described herein. 
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